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(54) CDMA COMMUNICATION METHOD 

(57) A mobile station MS regarding this invention is 
consists of a transmission and receiving amplifier unit 
AMP, a radio unit TRX, a baseband signal processing 
unit BB, a control unit MS-CNT and a terminal interface 
unit TERM-INT. In the multi-code-transmission, the effi- 
ciency in use of the frequency resources is enhanced 
and the improvement of the communication quality is 
realized by transmitting the control information (a pilot 
symbol and a TPC symbol), with increasing the trans- 
mission power by one designated dedicated physical 
channel only. It is possible to improve the efficiency in 
use of the frequency resources and the communication 
quality, and to reduce the power consumption, by deter- 
mining the transmission/discard of the transmission 
information according to the communication quality or 
the communication status. Furthermore, it is possible to 
improve the efficiency in use of the frequency resources 
and to reduce the power consumption, by avoiding that 
the calling occurs frequently. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a wide band CDMA (Code Division Multiple Access) communication method. 
BACKGROUND ART 

[0002] The use of mobile telephones has become wide spread in recent years. Conventionally, TDMA (Time Division 
10 Multiple Access) and FDMA (Frequency Division Multiple Access) have been employed as mobile telephone access 
methods. These days, however, CDMA is being adopted instead of TDMA and FDMA because of its various merits, 
such as highly efficient use of frequency bands, easy ability to change the transmission speed, and security from eaves- 
dropping. It is also possible in CDMA to reduce the impact from fading by employing redundancy, and to carry out error 
correction coding. Further, communication quality is improved by a handover which does not involve frequency switch- 
es ing. 

[0003] However, CDMA according to the prior art has a technical limitation in that its transmission speed is low since 
it is prepared mainly for voice transmission. Thus, due to the low transmission speed, CDMA is not suitable for data 
communication. With the development of multimedia in recent years, high-speed transmission has been desired 
because data to be transmitted includes not only voice data, but also various types of data that can be processed in a 

20 computer. Specifically, an extremely high transmission speed is required when image data is transmitted. 

[0004] In mobile communications applying conventional CDMA, problems are encountered such as a narrow spread- 
ing band width, and a limited ability to reduce the effect of fading. Moreover, mobile communications employing conven- 
tional CDMA are also problematic because it is difficult to realize a seamless indoor/outdoor communication 
environment due to synchronization between base stations, and to realize high-accuracy control of the electrical power 

25 for transmission. 

[0005] Additionally, in a mobile telephone, reduction of power consumption is a crucial issue, since a chargeable bat- 
tery is used as the power supply. 

disclosure of the invention 

30 

[0006] It is therefore an object of the present invention to provide a wide band CDMA communication method that can 
solve the above-mentioned problems to set a frequency band to be used to width band basically. Furthermore, it is an 
object of the present invention to provide the reduction of the power consumption, the improving of the communication 
quality, and the utilization efficiency of the frequency resources. The present invention provides a wide band CDMA 

35 communication method which transmits spread information after spreading transmission information using predeter- 
^ mined codes; wherein when the transmission information different from one another are transmitted at the same time 
through a plurality of channels using common control information, the wide band CDMA communication method com- 
prises the steps of: spreading various transmission information using codes, the codes being allocated to the channels, 
r respectively; transmitting the spread transmission information through the channels; spreading the control information 

40 using a common code, the common code being common to the plurality of channels; and transmitting the spread control 
information.. By virtue of the above invention, it is possible to improve the efficiency in use of the frequency resources, 
because the same control information which is transmitted individually using a plurality of codes in conventional 
method, is transmitted by one code. Furthermore, it is possible to improve the receiving accuracy, that is, the commu- 
nication quality, avoiding the unevenness of the receiving power level in the receiving side, if the control information is 

45 transmitted by one channel, and if the transmission power of the control information is the transmission power of the 
transmitted information multiplied by the number of the channels through which the spread transmission information are 
transmitted. 

[0007] The present invention provides a wide band CDMA communication method which transmits spreaded informa- 
tion to a radio section after spreading the transmission information using a predetermined code; wherein the wide band 

so CDMA communication method comprises the step of determining to transmit or to discard the transmission information 
on the basis of the communication quality of the radio section. By virtue of the above invention, a practical effective 
transmission speed of the transmission information is adjusted in accordance with the communication quality in the 
radio section, and information is transmitted efficiently. Therefore, it is possible to improve the efficiency in use of the 
frequency resources and the reduction of the power consumption. 

55 [0008] Furthermore, the present invention provides a wide band CDMA communication method which transmits 
spreaded information to a radio section after spreading the transmission information using a predetermined code; 
wherein the wide band CDMA communication method comprises the step of: determining to transmit or to discard the 
transmission information on the basis of the communication status of the radio section. By virtue of the above invention, 
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•hi- m orient recallina for retransmitting the transmission information that the calling has been failed, and to 

In^^ re - urces and ** reduction * me power T sumption ' transm,s ~ 

P T1^ 1!« ^^be tansmitted is discarded, when the calling has been failed, for example. 
s.on information to be transm.ttea.s a communication method which transmits 

spreaded information to a radio seco ™ ™ » ^ of d j Scardin g the transmission information until a 

*-* — ^ radica,, » and to improve *• efficiency in use * * e 

frequency resources and the reduction of the power consumption. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 



15 



20 



25 



30 



35 



40 



45 



50 



55 



c - 4 !c a work diaaram showing a system overview of a preferred embodiment in this invention. 

£ 2 is a d aSm ^constitution of a mobile station MS in the same P^^^ 

e? 3 " Stock diagram showing the constitution of a transmitting/receiving amplrfier AMP and a rad.o unrt TRX. 

Rg 4 is a oSdiag^am showing the constitution of a base band^lgnal U ™1 BB - 

p n 5 is a block diagram showing the constitution of a terminal interface unrt TERM-INT. 

F S I s a 5 atram KngTe institution of a iogicai channel of the same preferred 

^^^^^^^^^^^^ 

£Tfl£oono*u- diagram showing an exampie of a logical channel mapping onto a perch channel. 
Fig 12 is a conceptual diagram showing a mapping method for PCH. 

it 15 is a conceptual diagram showing a method for mapping ACCH to the super frame of a dedicated physical 

FT^.^^cCm showing a coding method for BOC^MC* (16 ksps). 

F,g'. 17 is a conceptual diagram showing a coding method for ^ (64 ^ 

f£ is is a conceptual diagram showing a coding method for FACH-L (64 Ksps). 

Fta 4 s a SSual diagram showing a coding method for FACH-S (64 ksps n normal mode. 

Pig. II a Sn^tua. diagram showing a coding method for FACH-S (64 ksps .n ACK mode. 

Fig. 21 is a conceptual diagram showing a coding mettod for ^MW). 

Fta 22 is a conceptual diagram showing a coding method for RACH-S (64 ksps). 

Fta' 23 is a conceptual diagram showing a coding method for SDCCH (32 ksps). 

£ S is a Snceptual diagram showing a coding method for ACCH (32/64 ksps). 

Fig. 25 is a conceptual diagram showing a coding meftod for ACCH 128 ksps - 

Fta 26 is a conceptual diagram showing a coding method for ACCH 256 ksps). 

Fig. 27 is a conceptual diagram showing a coding method for DTCH 32 ksps) 

Fig. 28 is a conceptual diagram showing a coding method for DTCH 64 ksps). 

Fig. 29 is a conceptual diagram showing a coding method for DTCH 128 ksps). 

Fig. 30 is a conceptua. diagram showing a coding method for DTCH 256k^s) 

Ffc.31 is a conceptual diagram showing a 

Fig. 32 is a conceptual diagram showing a coding method for TCH (1 024 teps). 
Fig. 33 is a conceptual diagram showing a coding meftod for UPCH 32 ksps ) 
Fig. 34 is a conceptua. diagram showing a coding method for UPCH 64 ksps)_ 
Fig. 35 is a conceptua. diagram showing a coding mettod fo UPCH 128 ksps . 
Fig. 36 is a conceptual diagram showing a coding method for UPCH (256 tops). 
Fta 37 is a conceptual diagram showing a usage method for a W-brt bit pattern. 
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common control physical channel. 

Fig. 41 is a timing chart showing the transmission timing and the long code phase in the reverse common control 
physical channel. 

Fig. 42 is a timing chart showing the transmitting/reception timing and the long code phase in a dedicated physical 
channel. 

Fig. 43 is a timing chart showing the transmitting/reception timing and the long code phase in a dedicated physical 
channel. 

Fig. 44 is a block diagram showing an example of the constitution of a forward long code generator. 
Fig. 45 is a block diagram showing an example of the constitution of a reverse long code generator. 
Fig. 46 is a conceptual diagram showing a short code generating method. 

Fig. 47 is a block diagram showing an example of the constitution of the short code generator for the long code 
mask symbol. 

Fig. 48 is a block diagram showing a spreading code generating method using the long code and the short code. 

Fig. 49 is a block diagram showing an example of the constitution of a spreading unit 

Fig. 50 is a timing chart showing a random access transmission method. 

Fig. 51 is a conceptual diagram showing a first example of a multi-code transmission method. 

Fig. 52 is a conceptual diagram showing a second example of a multi-code transmission method. 

Fig. 53 is a timing chart showing a transmitting pattern of the perch channel. 

Fig. 54 is a timing chart showing a transmitting pattern of the downlink common control channel (for FACH). 
Fig. 55 is a timing chart showing a transmitting pattern of the downlink common control channel (for PCH). 
Fig. 56 is a timing chart showing a transmitting pattern of the uplink common control channel (for RACH). 
Fig. 57 is a timing chart showing a transmitting pattern of the dedicated physical channel. 
Fig. 58 is a block diagram showing the constitution of a logical network in a voice communication service. 
Fig. 59 is a block diagram showing the constitution of a logical network in an unrestricted digital signal communica- 
tion service. 

Fig. 60 is a block diagram showing an example of the constitution of a logical network in a packet signal communi- 
cation service. 

Fig. 61 is a block diagram showing an example of the constitution of a logical network in a modem signal commu- 
nication service. 

Fig. 62 is a conceptual diagram showing each protocol stack for voice communication on the C-Plane (Control 

Plane) and U-Plane (User Plane) on the TE side interface of the ADP of a mobile station MS. 

Fig. 63 is a block diagram showing an outline of voice CODEC processing. 

Fig. 64 is a timing chart showing the transmission timing of a pre-postamble signal. 

Fig. 65 is a conceptual diagram showing each protocol stack for unrestricted digital signal transmission on the C- 
Piane (Control Plane) and U-Plane (User Plane) on the TE side interface of the ADP of a mobile station MS. 
Fig. 66 is a conceptual diagram showing each protocol stack for packet signal transmission under a PPP dial-up 
connection environment of the C-Plane and U-Plane on the TE side interface of the ADP of a mobile station MS. 
Fig. 67 is a conceptual diagram showing each protocol stack for packet signal transmission under an Ethernet con- 
nection environment of the C-Plane and U-Plane on the TE side interface of the ADP of a mobile station MS. 
Fig. 68 is a conceptual diagram showing each protocol stack for modem signal transmission of the C-Plane and U- 
Plane on the TE side interface of the ADP of a mobile station MS. 

Fig. 69 is a block diagram showing an example of the constitution of the connection between a plurality of terminal 
interface units TERM-INT and the MS core in the C-Plane. 

Fig. 70 is a conceptual diagram showing a concept of the detection of the connection of the terminal interface unit 
TERM-INT. 

Figs. 71 and 72 are flowcharts respectively showing the detecting process of the connection of the terminal inter- 
face unit TERM-INT. 

Fig. 73 is a conceptual diagram showing the details of the protocol stack. 

Fig. 74 is a block diagram showing an example of the constitution of the connection between a plurality of terminal 

interface units TERM-INT and the MS core in the U-Plane. 

Fig. 75 is a conceptual diagram showing the state of U-plane selection control. 

Fig. 76 is a block diagram showing the constitution of the LAC-U frame. 

Figs. 77 through 90 are conceptual diagrams respectively showing the format for PDU in an error control sub-layer. 
Fig. 91 is a conceptual diagram showing a TPC bit soft decision in a preferred embodiment 
Fig. 92 is a timing chart showing the timing of transmission power control in the same preferred embodiment 
Fig. 93 is a sequence diagram showing an outline of synchronization establishment of dedicated physical channels 
in the same preferred embodiment 

Fig. 94 is a sequence diagram showing the procedure for establishing synchronization in a diversity handover 
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between cells in the same preferred embodiment 

Fig 95 is a sequence diagram showing switching control in a handover control in the same preferred embodiment 
Fig! 96 is a sequence diagram showing the handover control procedure between cells in the same preferred 
embodiment 

5 Fig. 97 is a conceptual diagram showing a concept of outer coding synchronization. 

Fig 98 is a flowchart showing the process for establishing synchronization. 

Fig. 99 is a flowchart showing the process for monitoring whether the communication is out of synchronization or 

Fig! 100 is a block diagram showing a concept of the connection between outer terminals and a mobile station MS 
10 in the same preferred embodiment 

BEST MODE FOR CARRYING OUT INVENTION 

[0011] The best mode for carrying out the present invention will now be described with reference to the drawings. 

15 

ft rtOMfiTITUTION OF EMBODIMENT 



20 



25 



30 



35 



40 



A-1: Overview 

[001 2] Fig 1 is a block diagram showing an overview of the system according to a preferred embodiment of this inven- 
tion In Fig 1 BS designates radio base stations that transmit and receive signals with a mobile station MS by radio 
waves. The base stations BS are connected to switching center MCC-SIM. Computer, telephone, LAN (Local Area Net- 
work) and the like are connected to switching center MCOSIM. 

[0013] In this discussion, the mobile station MS carries out radio communication with the base station BS, and com- 
prises all the functions which are described below. However, it is also possible to construct a system in which the mobile 
station MS has only a portion of the functions (for example, a function to support voice communication) described 
below* 

[0014] Fig. 2 is a block diagram showing the constitution of the mobile station MS shown in Fig. 1. In Fig. 2, ANT1 
designates a receiving antenna and ANT2 designates a transmitting antenna. AMP designates a transmitting/receiving 
amplifier that amplifies transmitted and received signals. The transmitting/receiving amplifier AMP comprises a trans- 
mitting amplifier (described below) which amplifies a transmitted RF signal and a low noise amplifier (described below) 
which amplifies a received RF signal. The transmitting/receiving amplifier AMP multiplexes RF transmitting signals and 
extracts each RF receiving signal from others. TRX designates a radio unit which carries out D/A conversion on a base- 
band spread transmitting signal, transforms this result to an RF signal using quadrature modulation, and outputs this 
result to a transmitting amplifier. Furthermore, the radio unit TRX performs semi-synchronized detection of a received 
signal from the receiving amplifier, and supplies the result to baseband signal processing unit BB after A/D conversion. 
[001 5] A baseband signal processing unit BB carries out various processing for the baseband, such as error correc- 
tion coding of the transmitting data, frame conversion, data modulation, spreading modulation, despreading of the 
received signal, chip synchronization, error correction decoding, separating of data, and diversity handover combining. 
A control unit MS-CNT controls each unit of the mobile station MS. A terminal interface unit TERM-INT has a voice 
CODEC, an adapter function (ADP) for data, and an interface function between the handset and image/data terminal. 
However, it is possible to realize the adapter function for data by outer circuits. 



Transmittino/receivino amplifie r AMP and radio unit TRX 

[001 6] Fig. 3 is a block diagram showing the constitutions of transmitting/receiving amplifier AMP and radio unit TRX. 
In Fig. 3. 10b designates a transmitting amplifier which amplifies a signal from the radio unit TRX to the required power 
sufficient for the base station BS to receive the signal. 1 0a designates a low noise amplifier which amplifies the received 
RF signal to the power required for subsequent processing. In this case, the transmitting amplifier 10b controls its own 
gain on the basis of the transmission power designating signal supplied from the baseband signal processing unit BB. 
That is transmitting power is controlled in accordance with the transmission power designating signal. 20 designates a 
local oscillator which generates a local oscillating signal for carrying out frequency conversion by oscillating in accord- 
ance with a frequency band designating signal supplied from the control unit MS-CNT. The oscillation frequency is 
revised by a frequency revising signal (AFC) supplied from the baseband signal processing unit BB. 21 designates a 
mixer for receiving which converts the received RF signal to the baseband signal by multiplying the received RF signal 
and the local oscillating signal. The output signal of the mixer 21 is converted to a digital signal by an A/D converter 22, 
and is outputted to baseband signal processing unit BB. 24 designates a D/A converter which converts the spread 
transmitting signal supplied from the baseband signal processing unit BB to an analog signal. The output signal of the 
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D/A converter 24 is converted to a radio frequency band signal by multiplying with the local oscillating signal in the mixer 
23 on the transmitting side. 

A-3: Baseba nd signal processing unit BB 

5 

[0017] Fig. 4 is a block diagram showing the constitution of baseband signal processing unit BB. In order that the fig- 
ures do not become overly complicated, a description of all or a portion of the names of the various parts has been omit- 
ted in Fig. 4 and in Fig. 5, which will be described below. 

[0018] In Fig. 4, 31 designates a convolutional coding unit which carries out the predetermined convolutional coding 
10 for user data supplied from the terminal interface unit TERM-INT. The reason for carrying out such convolutional coding 
is so that an error can be corrected by Viterbi decoding at the time of reception, even when the information is incorrect 
in the transmission channel. A convolutional coded data is subjected to interleave processing in interleaving unit 32. 
After that, a TPC bit is added to the data in a TPC bit adding unit 33. Interleaving processing is carried out because it 
is possible to convert a burst error that has occurred in a transmission channel to a random error by arranging (inter- 
ns leaving) the data series properly on the transmitting side, and by reverting (de-interleaving) to the original data series 
on the receiving side. The convolutional coding and the Viterbi decoding processing can correct the random error effec- 
tively! The TPC bit will be explained later below. 

[0019] A spreading unit 34 processes the signal to which the TPC bit has been added. That is, the signal is spread 
using a designated spreading code on the transmitting side, and the spread signal is reverted to the original signal by 

20 multiplying it by the designated spreading code on the receiving side. The spreading code for spreading is generated 
by multiplying the designated short code and long code. Specifically, the short code and the long code designated by 
the spreading-code-designating signal outputted from the control unit MS-CNT are generated in a short code generator 
35 and a long code generator 36, respectively. The spreading code for spreading is then generated by multiplying the 
short code and the long code. The data spread by the spreading code is output to the radio unit TRX. 

25 [0020] Next, the elements indicated by numeral 40 are despreading units which carry out despreading using a pre- 
determined spreading code. The spreading code used in despreading is generated by multiplying the designated short 
and long codes. Specifically, the short code and the long code designated by the spreading-code-designating signal 
outputted from the control unit MS-CNT are generated in a short code generator 42 and a long code generator 41 , and 
the spreading code for despreading is generated by multiplying the short code and the long code. A plurality of 

30 despreading units 40 is provided for RAKE combining processing which will be described later. The despreading proc- 
essed data is processed by a RAKE combining unit 43. In RAKE combining processing, it is possible to obtain a diver- 
sity effect by exploiting the fact that multi-paths having different delay times can be separated in the despreading 
process, and synthesizing the separated paths appropriately. The effect of fading is decreased by RAKE combining 
processing. 

35 [0021] 45 designates a path-searching unit which measures the transmission delay and the amplitude of the multi- 
path which are supplied to the mobile station MS, and informs spreading code unit 47 (the short code generator 42 and 
the long code generator 41) of the reception timing. 46 designates a cell/sector searcher which detects the level of the 
perch channel (described below) of the nearby cells and sectors when the initial synchronization establishment is car- 
, ried out in the mobile station MS, and judges the ceH/sectpr where the mobile station MS is located. 50 designates a 

40 frequency gap detector which detects the frequency gap based on the received signal on which RAKE combining has 
been carried out The frequency gap detector 50 detects the frequency gap between the received radio signal and the 
standard frequency of the mobile station MS, and outputs a frequency revision signal AFC in accordance with the 
detected results. The frequency gap in the local oscillator 20 is revised on the basis of the frequency revision signal 
AFC. 

45 [0022] 53 designates a de-interleaving unit which carries out the de-interleaving process for the received signal, and 
supplies the result to Viterbi decoder 54. The received signal which is decoded with Viterbi decoding is outputted and 
supplied to terminal interface unit TERM-INT. 

[0023] 51 designates a TPC bit detector which detects the TPC bit including the received signal, and generates the 
transmission power designating signal in accordance with the detected result This transmission power designating sig- 

so nal is used for gain control of transmitting amplifier 10b as described above. In this way, the transmitting power control 
on the mobile station MS side is controlled by the TPC bit (a command that designates power increase or the power 
decrease) which is transmitted through the downlink communication channel from the base station BS. 
[0024] 55 designates an FER measurement unit which measures the FER (Frame Error Rate) for a signal which is 
decoded with Viterbi decoding, generates a renew value for the target SIR value from the measured result and supplies 

55 the renew value to the SIR measurement/comparing unit 52. The FER expresses the proportion of error frames present 
with respect to all frames within a predetermined measured time duration. In this embodiment when an error of one or 
more bits is detected in a frame, the frame is considered to be an error frame. The SIR measurement/comparing unit 
52 measures the SIR value of the received signal, and determines the value of the TPC bit by comparing the measured 
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value and the renewed SIR value, and furthermore outputs the determined value to the TPC bit adder 33. The meas- 
urement of the above-mentioned SIR value and the FER value is carried out to estimate the communication quality. The 
TPC bit adder 33 adds the TPC bit, which corresponds to the determined value, to the transmitting signal. In other 
words in this embodiment the TPC bit is generated in order to control the transmitting power of the base station BS. 
As mentioned above, the communication quality can be constant even if the propagation environment vanes because 
the transmitting power of the base station BS and the mobile station MS are controlled. 



A^4: Terminal interface unit TERM-INT 

[0025] Fig 5 is a block diagram showing the constitution of terminal interface unit TERM-INT. In Fig. 5, each of 10a 
and 10b designates a switching means, which switches the signal transmitting line in accordance with a telephone/non- 
telephone switching signal supplied from the control unit MS-CNT. That is. switching means 10a supplies a signal sup- 
plied from the baseband signal processing unit BB to a voice decoding unit 70, when calling. As a result, the voice sig- 
nal is decoded, and is supplied to the receiver of the hand set after the signal is converted to an analog signal by a D/A 
convener 71 The voice signal outputted from the mouthpiece of the hand set is convened to a digital signal by a A/D 
converter 73 and is coded by a voice coding unit 72. The coded voice signal is supplied to the convolutional coding unit 
31 of the baseband signal processing unit BB through switching means 1 0b. In the voice decoding unit 70 and the voice 
coding unit 72. decoding and coding are carried out for transmitting the voice data with lower bits. 
[0026] On the other hand, in non-calling, the switching means 10a supplies the received signal which is outputted 
from the Vrterbi decoding unit 54 of the baseband signal processing unit BB to the deinterieaving unit 60. As a result, 
deinterleaving processing is carried out on the received signal, and RS decoding is carried out in the RS decoding unit 
61 for that signal. This signal is then outputted to an external apparatus such as an ISDN terminal and a personal com- 
puter (PC) The signal outputted from the external apparatus is coded with RS coding in the RS coding unit 63, and sub- 
jected to interleave processing in the interleaving unit 62. Furthermore, this signal is supplied to the convolutional 
coding unit 31 of baseband processing unit BB through the switching means 10b. In the RS coding unit 61 and the RS 
decoding unit 63, the coding and decoding of the RS code as an outer code for error correction are carried out In other 
words in this embodiment, not only is convolutional coding/Viterbi decoding (refer to the convolutional coding unit 31 
and the Vrterbi decoding unit 54 in Fig. 4) carried out in order to achieve higher quality communications (low error rate), 
but coding and decoding of the RS code is also performed. 



A-5: Main parameters 

[0027] Table 1 shows an example of the main parameters of the radio interface in this embodiment The notation for 
the item "symbol rate" in Table 1 means that it is possible to freely set the symbol rate from 16 ksps (kilo-symbols per 
second) to 1024 ksps. 



Table 1 



Radio interface main parameter 


No. 


Item 


Parameter 


1 


Radio access method 


DS-CDMA FDD 


2 


Frequency 


2 GHz band width 


3 


Modulation/demodulation method 


Information: QPSK, pilot symbol synchronization 
Detecting wave RAKE 
Spreading: QPSK 


4 


Coding/decoding 


Inside coding: convolutional coding (R=1/3 or 1/2, 
K=9)/Vrterbi soft decision decoding 

Outside coding: Reed Solomon code (for data transmission) 


5 


Symbol rate 


16 ksps -1024 ksps 


6 


Information transmission rate 


Variable 


7 


Synchronization between base stations 


Asynchronous 
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B: DETAIL AND FUNCTION OF EACH UNIT OF SYSTEM 

B-1 : Channel constitution 

5 [0028] The constitution of the radio channels in this embodiment will now be described. 

[0029] In this embodiment, the radio channels may be classified into logical channels shown in Fig. 6 according to 
logical features and classified into physical channels shown in Fig. 7 according to physical features. 

B-1-1: Logical channel 

10 

[0030] First, the logical channels shown in Fig. 6 will be described. The logical channels can be classified as shown 
in the tree diagram in Fig. 6. The function of each channel which makes up the tree will be listed as follows. 

(1) Broadcasting channeM and 2 (BCCH1 and BCCH2) 

15 

[0031] Each of broadcasting channels 1 and 2 (BCCH1 and BCCH2) is a unidirectional channel for broadcasting sys- 
tematic control information for each cell or for each sector from the base station BS to the mobile stations MS, respec- 
tively. Broadcasting channels 1 and 2 (BCCH1 and BCCH2) transmit information the content of which changes over 
time, such as SFN (System Frame Number), the uplink interference power amount and the like. 

20 

(2) Paging channel (PCH) 

[0032] A paging channel (PCH) is a unidirectional channel which broadcasts the same information from the base sta- 
tion BS to the mobile stations MS over a wide area. The PCH is used for paging. 

25 

(3) Forward access channel - long (FACH-L) 

[0033] A forward access channel - long (FACH-L) is a unidirectional channel for transmitting control information or 
user packet data from the base station BS to the mobile station MS. The FACH-L is used in the case where the network 
30 recognizes a cell where the mobile station MS is located. Basically, this channel is used when a comparatively numer- 
ous amount of information is transmitted. 

(4) Forward access channel - short (FACH-S) 

35 [0034] A forward access channel - short (FACH-S) is a unidirectional channel for transmitting control information or 
user packet data from the base station BS to the mobile station MS. The FACH-S has a mode in which an ACK 
(acknowledgment signal) is transmitted for random access reception. This logical channel is used in the case where the 
network recognizes a cell where the mobile station MS is located. Basically, this channel is used in the case where com- 
. paratively little information is transmitted. 

40 

( 5) Random access channel - long (RACH-L) 

[0035] A random access channel - long (RACH-L) is a unidirectional channel for transmitting control information or 
user packet data from the mobile station MS to the base station BS. The RACH-L is used in the case where the mobile 
45 station MS recognizes a cell where the mobile station MS is located. Basically, this channel is used when a compara- 
tively numerous amount of information is transmitted. 

(6) Random access channel - short (RACH-S) 

so [0036] A random access channel - short (RACH-S) is a unidirectional channel for transmitting control information or 
user packet data from the mobile station MS to the base station BS. The random access channel - short (RACH-S) is 
used in the case where the mobile station MS recognizes a cell where the mobile station MS is located. Basically, this 
channel is used in the case where a comparatively little information is transmitted. 

55 (71 Stand-alone dedicated control channel (SDCCH) 

[0037] A stand-alone dedicated control channel (SDCCH) is a point-to-point bi-directional channel. This channel is 
used for transmitting control information. This logical channel occupies one physical channel. 



8 



EP 0 977 393 A1 

(to Associated control channel (ACCH) 

[0038] An associated Control Channel (ACCH) is a point-to-point bi-directional channel. This channel is used for 
transmitting control information. This logical channel is the control channel associated with DTCH that will be described 
5 next. 

(91 Dedicated traffic chan nel (DTChh 

[0039] A dedicated traffic channel (DTCH) is a point-to-point bi-directional channel, and is used for transmitting user 
10 information. 

f|n ) User packet chan nel fUPCH) 

[0040] A user packet channel (UPCH) is a point-to-point bi-directional channel, and is used for transmitting user 
15 packet data. 

R-j-9- Physical channel 

[0041] Next, the constitution of the physical channels shown in Fig. 7 will be described. As shown in Fig. 7, the phys- 
20 ical channels are classified into common physical channels and dedicated physical channels. The common physical 
channels are further classified into perch channels and a common control physical channel. The perch channels are 
further classified into a first perch channel and a second perch channel. The characteristic of each physical channel is 
shown in Table 2. Note that, as shown in Table 2, closed-loop transmission power control of each time slot within one 
frame is not carried out in the common control physical channel in this embodiment 



Table 2 





Characteristic of each physical channel 


30 




Perch channel 


Common control channel 


Dedicated physical channel 




Symbol rate 


16 ksps 


Downlink: 64 ksps 
Uplink: 16.64 ksps 


32 -1024 ksps 


35 
40 


characteristics 


The transmission power control 
is not adopted. There is a first 
perch channel wherein symbols 
are transmitted constantly and a 
second perch channel wherein 
a portion of the symbols are 
transmitted. 


• Only radio frames having 
transmission information are 
transmitted. No symbols, 
including pilot symbols, are 
transmitted in radio frames 
which do not have transmis- 
sion information. The PD (Pag- 
ing Display) portion of PCH is 
always transmitted. 


High rate closed loop transmis- 
sion power control can be car- 
ried out. 


45 






• High rate closed loop trans- 
mission power control is not 
carried out 

• All symbols are transmitted at 
constant power. 





50 

[0042] Next the functions of each of the physical channels will be described. 
(11 Perch channel 

55 [0043] The perch channel is a physical channel, the reception level of which is subject to measurement for cell selec- 
tion of the mobile stations MS. The perch channel is also the physical channel that is initially captured when power sup- 
ply to the mobile stations MS is started up. This perch channel consists of a first perch channel and a second perch 
channel. In the first perch channel, the symbols are spread by the sole short code of the system and are transmitted 
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constantly so that a cell can be selected quickly when the power supply to the mobile station MS is started. In the sec- 
ond perch channel, a portion of the symbols are spread by the short code in correspondence with the downlink long 
code. These perch channels are unidirectional physical channels from the base station BS to the mobile stations MS. 

5 (21 Common control physical channel 

[0044] The common control physical channel is a physical channel which is used by a plurality of the mobile stations 
MS that are present in the same sector. Uplink of the common control physical channel can be randomly accessed. 

10 (3) Dedicated physical channel 

[0045] The dedicated physical channel is a physical channel which is set in a point-point manner between the base 
station BS and the mobile station MS. 

is B-1-3: Signal format of physical channel 

[0046] Next, the signal format of the physical channel will be described with reference to Figs. 8 and 9. Fig. 8 is a 
conceptual diagram showing a signal format other than the uplink common control physical channel, and Fig. 9 is a con- 
ceptual diagram showing the signal format of the uplink common control physical channel. The numbers shown in the 
20 figures designate the symbol number in the field. 

[0047] As shown in the figures, all physical channels consist of three layers. From the top layer sequentially, these 
are: a super frame, a radio frame and a time slot (time slot is designated simply as "slot" in the figures). The constitution 
of the radio frame or the time slot differs according to the type and the symbol rate of the physical channel. Each unit 
shown in Figs. 8 and 9 will now be described. 

25 

(1) Super frame 

[0048] A super frame consists of 64-block radio frames. The radio frame at the head position and the radio frame at 
the tail position are determined based on the SFN, which will be described beiow. Concretely, the radio frame ai the 
30 head position and the radio frame at the tail position are as follows:. 

radio frame at head position: the radio frame where SFN mod 64 = 0 
radio frame at tail position: radio frame where SFN mod 64 = 63 

35 [0049] "Mod" is a modulo operator, and the "SFN mod 64" designates a remainder obtained by dividing SFN by 64. 
In the following description, n block frames or units will be described as "n frames" or "n units" in order to avoid compli- 
cating the description. 

(2) Pilot symbol and SW (Synchronization Word) 

40 

[0050] In this embodiment, the first and third symbols of the pilot symbol in each time slot are designated as SW, and 
the modulation method is QPSK so that each bit forming the pilot symbol is spread into I and Q. When the pilot symbol 
pattern of a time slot in an uplink common control physical channel in which the symbol rate is 16 ksps (kilo-symbols 
per second) is 11110101, the order of separating becomes, for example, l = 1,Q=1,l=1,Q=1,l = 0, Q=1,l = 0, Q 
45 = 1 in order from the left 

[0051] In the downlink common control physical channel, burst transmission of a plurality of radio frames is permitted. 
In this case, the pilot symbol is added to the end of the burst signal. On the contrary, since there is one burst in one 
radio frame in the uplink common control physical channel, the pilot symbol is added to the end of one radio frame as 
shown in Fig. 9. 

50 

(3VTPC symbol 

[0052] The relationship between the TPC symbol pattern and the transmitting power control amount is shown in Table 
3. As shown in Table 3, the TPC symbol pattern is used to control transmitting power. In this embodiment, the content 
ss of the received TPC symbol is judged by soft decision which will be described later. In the case where the TPC bit is not 
received because the communication is out of synchronization or the like, the transmitting power does not change in 
this embodiment. 
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Table 3 



Relationship between TPC symbol pattern 


and transmitting power control amount 


TPC symbol 


TRANSMITTING 




POWER CONTROL 




AMOUNT 


11 


+ 1.0 dB 


00 


-1.0 dB 



(4) Lono code masking symbol 

15 

[0053] The long code masking symbols are spread using only the short code. Therefore, the long code is not used to 
spread the long code masking symbols. With the exception of the long code mask symbol, the symbols of the perch 
channel are spread using the short code of the layered orthogonal code series shown in Fig. 46. The long code mask 
symbols are spread using the short code of an orthogonal Gold code which has a code length of 256. 
20 [0054] Furthermore, only one symbol of the long code mask symbols is included per time slot in the first and second 
perch channels only. This symbol pattern is "11" in the first perch channel and the second perch channel. In the perch 
channel, two spreading codes are used. The long code mask symbol is transmitted in each of the first and second perch 
channels. As is clear from Fig. 8 f only a portion of the long code mask symbol is transmitted, while the other symbols 
are not transmitted. 

25 

B-1-4: Mapping onto physical channel of logical channel 

[0055] Next, mapping onto the physical channel of the logical channel will be described. 

[0056] Fig. 10 is a conceptual diagram showing the correspondence between the physical channel and the logical 
30 channel mapped to the physical channel. The mapping with regard to each channel will now be described with refer- 
ence to this figure. 

B-1-4-1 : Mapping with regard to perch channel 

35 [0057] Fig. 1 1 is a conceptual diagram showing an example of the mapping of the logical channel to the perch chan- 
nel. The mapping rules for realizing the example shown in Fig. 11 are as follows. 

(1) The perch channel is divided into a plurality of blocks within one super frame. Only BCCH1 and BCCH2 are 
mapped to the perch channel. 

40 (2) BCCH1 is mapped from the head frame in the dividing unit (block) of the super frame, but does not overlap the 
dividing unit BCCH2 is mapped onto the remaining frame within the dividing units. BCCH2 is recognized based on 
the structure information of the perch channel included in BCCH1 . 

(3) With respect to BCCH1 and BCCH2, one radio unit is comprised of two radio frames. Therefore, BCCH1 and 
BCCH2 are transmitted by continuously transmitting 2 x N radio frames, so that one layer 3 information is transmit- 

45 ted. The layer 3 information which is transmitted by BCCH1 and BCCH2 does not overlap the super frame. 

(4) The sfn, which is generated in the base station BS and will be described in detail later, and the uplink interfer- 
ence power amount are set each 20 ms in each radio unit of the perch channel. The uplink interference power 
amount is the newest measured result measured at the base station BS. The transmitting content of this informa- 
tion changes over time. 

50 

B-1-4-2: Mapping for common con trol physical channel 

[0058] The rules for mapping the logical channel to the common control physical channel are described below. 

55 (1) PCH and FACH are mapped to a downlink control physical channel which has a symbol rate of 64 ksps. 

(2) Only RACH is mapped to an uplink common control physical channel which has a symbol rate of 16 ksps. 

(3) Either FACH or PCH is mapped to one downlink common control physical channel. 

(4) One downlink common control physical channel in which FACH is mapped and one uplink common control 
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physical channel are used as a pair. The pair is designated by the base station BS as the spreading code pair. The 
designation of the pair corresponds to the physical channel, and is not limited to a correspondence with the size (S: 
short or L: long) of FACH and RACH. FACH of the downlink control physical channel and RACH of the uplink control 
physical channel, which form a pair, are used as the FACH and RACH received and transmitted respectively by one 
5 mobile station MS. In an ACK transmission from the base station BS in response to the RACH from the mobile sta- 

tion MS, the ACK is transmitted via FACH-S of the downlink control physical channel which is paired with the uplink 
common control physical channel which transmits the RACH. 

B-1-4-3: Mapping of PCH to downlink common control physical channel 

10 

[0059] The method for mapping PCH to the downlink common control physical channel is shown in Fig. 12. As clear 
from Fig. 12, the mobile stations MS in this embodiment are classified into several groups by a predetermined method. 
The mobile stations MS are called as a group. The details of how mobile stations MS operate in these groups will be 
described below. Basically, the mobile stations MS judge whether or not there is an incoming call at any of the mobile 
is station MS that are present in the same group, based on the result of a soft decision in the PD part, which will be 
described below. When the mobile stations MS judge that a call has come, the mobile stations MS operate so as to 
receive the I portion (described below) of the PCH equivalent to the PD part 

[0060] The rules for mapping PCH to the downlink common control physical channel are described below. 

20 (1) The PCH is divided into several groups in one super frame, and layer 3 information is transmitted in each group. 
In this embodiment, there are 256 groups per one common control physical channel. Each group in PCH has an 
information quantity equivalent to 4 time slots, and consists of a total of 6 information parts: two paging display 
parts (PD-parts) - for indicating whether there are incoming calls or not, and four termination user identification 
number parts (l-parts) - for indicating the paged mobile user. In each group, PD-parts precede l-parts in transmis- 

25 sion. 

(2) In each group, six information parts are allocated in a certain pattern within a twenty-four time slot range. By 
shifting each pattern by four time slots, a plurality of groups are allocated on one downlink common control physical 
channel. 

(3) The PCH of the first group is allocated so that the head symbol of the super frame becomes the head symboi 
30 of the PD-part in PCH of the first group. Furthermore, by shifting each pattern by four time slots, PCH of the second 

group, PCH of the third group, ... are allocated in the radio frame for PCH. The group of the last number is allocated 
to overlap with the super frame. 

B-1-4-4: Mapping of FACH to downlink common control physical channel 

35 

[0061] An example of the mapping of FACH to the downlink common control physical channel is shown in Fig. 1 3. The 
rules of this mapping are as follows. 

(1) The optional radio frame for FACH on one downlink common physical channel can be used for either logical 
40 channels of FACH-L and FACH-S. The logical channel having the earliest transmitting request is transmitted by the 
radio frame for FACH. The FACH-L is used when the information length to be transmitted by the FACH is longer 
than the prescribed value, while FACH-S is used when it is shorter. In the FACH-S mapping, 4 FACH-S are time 
multiplexed in one FACH radio frame and transmitted. Therefore, when the information length is shorter, it is possi- 
ble to multiplex many logical channels. 
45 (2) One FACH-S consists of four time slots. Each time slot is allocated in one radio frame at four time slots intervals. 
Furthermore, four sequential FACH-S are allocated by shifting by one time slot In the example shown in Fig. 13, 
the time slots used by each FACH-S are described as follows. 

First FACH-S: 1 st, 5th, 9th, 1 3th time slots 
50 Second FACH-S: 2nd, 6th, 10th, 14th time slots 

Third FACH-S: 3rd, 7th, 1 1th. 15th time slots 
Fourth FACH-S: 4th, 8th, 1 2th, 1 6th time slots 

(3) When the logical channel having the earliest transmitting request is a FACH-S, the base station BS can transmit 
55 other FACH-Ss stored in the buffer at that time, by multiplexing a maximum of four other FACH-Ss into the same 

radio frame for FACH. At that time, FACH-Ls are also stored, so that the base station BS can transmit FACH-Ss for 
which the transmitting request occurred later than the transmitting request timing of FACH-L after multiplexing. 

(4) The mobile stations MS can receive FACH-L and all FACH-Ss on one downlink common control physical chan- 
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nel at the same time. It is acceptable that the mobile station MS receive one downlink common control physical 
channel, even when the base station BS transmits a plurality of downlink common control physical channels for 
FACH. The determination of which downlink common control physical channel for FACH transmission from among 
a plurality thereof is received is arranged at the application level in the mobile stations MS and the base station BS. 

5 (5) There are transmission formats for two modes in FACH-S. One mode is a format (layer 3 transmission mode) 

that transmits layer 3 or higher information, and the other mode is a format (ACK mode) that transmits an ACK for 
reception of RACH. FACH-S in the ACK mode carries ACKs for a maximum of seven mobile stations MS. FACH-S 
in ACK mode sure to be transmitted by the first FACH-S, and is transmitted with the highest priority, even when the 
transmission request timing is later than other FACHs. 

w (6) When the quantity of information present in the upper Common Part Sub-layer (CPS) transmitted in the FACH 
radio unit is equivalent to a plurality of FACH radio units, continuous transmission is guaranteed. In other words, 
interruption by and transmission of other CPS does not occur. This also applies for FACH-S in ACK mode. 
(7) When one CPS is transmitted by a plurality of FACH radio units, only FACH-L or FACH-S is used, i.e., FACH-L 
and FACH-S are not both used at the same time. When one CPS is transmitted continuously using a plurality of 

is FACH-S radio units, the n FACH-S radio unit is followed by the n+ 1 FACH-S radio unit. However, in the case of an 
interruption by an ACK mode FACH-S, the fourth FACH-S radio unit is followed by the second FACH-S radio unit 
When an ACK mode FACH-S interruption does not interrupt, the fourth FACH-S radio unit is followed by the first 
FACH-S radio unit 

20 B-1-4-5: Mapping of RACH to uplink common c ontrol physical channel 

[0062] As shown in Fig. 10, the RACH-S is mapped to the 16ksps uplink common control physical channel. The 
RACH-L is mapped to the 64ksps uplink common control physical channel. As shown in Fig. 9, the RACH-S and RACH- 
L consists of one radio frame (10ms) respectively. The RACH-S and RACH-L are transmitted after the four symbols 
25 worth of pilot symbols in time slot #1 are added to the last frame of the radio frame at the time of radio section trans- 
mission. When the mobile station MS transmits RACH, RACH-L and RACH-S can be freely used in accordance with 
the amount of information transmitted. 

[0063] The base station BS transmits ACK to the mobile station MS by FACH-S when it correctly receives RACH-L or 
RACH-S. The transmission frame timing of RACH in the mobile station MS is delayed only by a predetermined offset 
30 with respect to the frame timing of the downlink common control physical channel on to which the FACH which transmits 
ACK is mapped. In this embodiment, 16 types of offsets are provided. The mobile station MS selects at random one 
offset from the 16 offset types, and transmits RACH at a timing in accordance with the selected offset The base station 
BS must have a means for simultaneously receiving RACH-L and RACH-S at a timing in accordance to all the offset 
types. 

35 

B-1-4-6: Mapping to dedicated phys ical channel 

[0064] The rules for mapping the logical channel to a dedicated physical channel are as follows. Fig. 14 is a concep- 
tual diagram showing a method for mapping DTCH and ACCH to a dedicated physical channel. Fig. 15 is a conceptual 
40 diagram showing the method for mapping ACCH to the super frame of the dedicated physical channel, for each symbol 
rate. The following description will refer to Figs. 14 and 15. 

[0065] SDCCH and UPCH each monopolize one dedicated physical channel. On the dedicated physical channel for 
which the symbol rate is 32 - 256ksps, DTCH and ACCH share one dedicated physical channel by means of time mul- 
tiplexing. On dedicated physical channels for which the symbol rate is 512 and 1 024ksps, ACCH is not multiplexed, and 
45 only DTCH monopolizes the dedicated physical channel. For each time slot the time multiplexing for DTCH and ACCH 
is realized by dividing the symbols for the logical channel in the time slot as shown in Fig. 14. The ratio of the dividing 
differs for each symbol rate of the dedicated physical channel. 

[0066] As shown in Fig. 1 5, the radio frame number which forms the radio units of ACCH differs according to the sym- 
bol rate of the dedicated physical channel. In the following description, the radio units of ACCH will be described as 
so "ACCH radio units" or "ACCH units", and will be noted simply by the term "unit" in the figures. ACCH radio units are allo- 
cated in synchronization with the super frame. In all time slots in one radio frame or a plurality of radio frames, ACCH 
radio units are divided according to the time slot number, and are allocated. In multi-code transmission, ACCH radio 
units do not overlap between dedicated physical channels, and are transmitted with only a specified code (one dedi- 
cated physical channel) designated by the base station BS. 

55 

B-1-5: Coding of logical channel 

[0067] Next the coding of the logical channel will be described. 
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B-1-5-1: Overview 

[0068] Figs. 16 through 36 show the coding method for each logical channel, i.e., the frame disassembly and reas- 
sembly process in baseband processing unit BB. This process will be described first with reference to the figures, fol- 

5 lowed by descriptions of each of the units such as CRC, PAD and the like shown in the figures. 

[0069] Figs. 16 through 20 show the coding method of each logical channel in the downlink. The downlink procedure 
will be described with reference to these figures. Note that while the physical channels for mapping differ depending on 
the logical channel, in Figs. 16 through 20, the physical channels are designated as "reception physical channels." That 
is, the substance of the reception physical channel differs depending on the figure. 

10 [0070] Fig. 16 is a conceptual diagram showing the coding method for signals transmitted through BCCH1 and 
BCCH2 at 16 ksps. The reception physical channel in Fig. 16 is a perch channel, which permits transmission at 16 ksps. 
First, 10 bits of data, excluding the pilot symbol and LC masking symbol (the total symbol number is five-symbols/time 
slot), are extracted from each time slot of each radio frame received by the reception physical channel. When the extrac- 
tion procedure over 32 time slots is completed, a BCCH radio unit (BGCH1 radio unit in the figures) is generated by 

15 combining 32 data units (the total length is 320 bits). Furthermore, bit de-interleaving and soft decision Viterbi decoding 
are performed on the BCCH radio unit, and 96 bits of data, excluding the table bit and the like which will be described 
later, are extracted from the obtained data. A plurality of 96 bit data is obtained by repeating this process, and com- 
bined. Layer 3 information is then obtained by extracting CPS PDU from the combined data. 

[0071] Other logical channels of the downlink are clear from the above mentioned descriptions for Fig. 16, which deals 
20 with BCCH1, BCCH2 (16ksps), and Figs. 17 through 20, which deal with the other logical channels. Therefore, in order 
to avoid complicating the description, a disclosure of the subject of each figure will substitute for descriptions. 
[0072] Fig. 17 shows the coding method for signals transmitted through PCH at 64 ksps. Fig. 18 shows the coding 
method for signals transmitted through FACH-L at 64ksps. Fig. 19 shows the coding method for signals transmitted 
through the normal mode of FACH-S at 64ksps. Fig. 20 shows the coding method for signals transmitted through ACK 
25 mode of FACH-S at 64ksps. Figs. 21 through 36 show the coding methods for signals transmitted through various uplink 
or reverse logical channels. The procedures in the uplink will be described with reference to these figures. 
[0073] Fig. 21 shows the coding method of RACH-L (64ksps). As shown in Fig. 21 , in the coding of RACH-L (64ksps), 
first, layer 3 information (user information/control information) is stored in CPS PDU, and data including this CPS PDU 
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30 ing units after the table bit etc,, is added to each inner coding unit The data obtained by such procedures is divided into 
16 time slots, and the pilot symbol (4 symbols/time slot) is added to each of 16 time slots. These 16 time slots are 
mapped to the physical channel. These types of procedures are carried out for each inner coding unit 
[0074] Other logical channels of the uplink are clear from the above mentioned descriptions for Fig. 21 , which deals 
with RACH-L (64ksps), and Figs. 22 through 36, which deal with the other logical channels. Therefore, in order to avoid 

35 complicating the description, a disclosure of the subject of each figure will substitute for descriptions. 

[0075] Fig. 22 shows the coding method for RACH-S (16ksps). Fig. 23 shows the coding method for SDCCH (32ksps). 
Fig. 24 shows the coding method for ACCH (32ksps/64ksps). Fig. 25 shows the coding method for ACCH (128ksps). 
Fig. 26 shows the coding method for ACCH (256ksps). Fig. 27 shows the coding method for DTCH (32ksps). Fig. 28 
shows the coding method for DTCH (64ksps). Fig. 29 shows the coding method for DTCH (128 ksps). Fig. 30 shows the 

40 coding method for DTCH (256ksps). Fig. 31 shows the coding method for DTCH (512ksps). Fig. 32 shows the coding 
method for TCH (1024ksps). Fig. 33 shows the coding method for UPCH (32ksps). Fig. 34 shows the coding method 
for UPCH (64ksps). Fig. 35 shows the coding method for UPCH (128ksps). Fig. 36 shows the coding method for UPCH 
(256ksps). 

[0076] Next, each part shown in Figs. 16 through 36 will be described in detail. 

45 

B-1-5-2: Error detection code (CRCV 

[0077] The error detection code (CRC) is added to each CPS PDU (Common Part Controller Protocol Data Unit), 
each inner coding unit, and each selecting synthesis unit (for example, refer to Fig. 24). The generating polynomials (1) 
so - (4) are shown as follows. 

(1)16 bit CRC (CRC16) 

[0078] 16 bit CRC is applied to CPS PDUs on all logical channels excluding DTCH and PCH, inner coding units trans- 
55 ported through UPCH at any symbol rate, selecting synthesis units transported through DTCH at 32 ksps, and inner 
coding units transported through SDCCH, FACH-S/L, and RACH-S/L. The generating polynomial of this is shown as fol- 
lows. 
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Gcrci6(X) = X 16 +X 12 +X 5 + 1 (D 

(21 14 bit CRC (CRC14) 

[0079] 1 4 bit CRC is applied to ACCH of all symbol rates. This generating polynomial is shown as follows. 

G CRC14 (X) = X 14 +X 13 +X 5 +X 3 +X 2 +1 (2) 

(3) 1* frit (CRC131 

[0080] 1 3 bit CRC is applied to each of the selecting synthesis units of 64/1 28/256/51 2/1 024ksps DTCH. This gener- 
ating polynomial is shown as follows. 

G CRC13 (X) = X 13 +X 12 +X 7 +X 6 +X 5 +X 4 +X 2 +1 (3) 

(4) a bit CRC (CRC8) 

[0081] 8 bit CRC is applied to CPS PDU of PCH, This generating polynomial is shown as follows. 

<3 C RC8(X) = x8+x7+x2+1 (4) 
[0082] The applicability of the CRC computation mentioned above is as follows. 

CRC for each CPS PDU: entire CPS PDU. 
25 CRC for each the selecting synthesis unit of ACCH • DTCH: ail bits except tale bit 

CRC for each the inner coding unit of SDCCK UPCH, FACH. RACH: all bits except tale bit 

[0083] The range of applicability of the CRC computation and CRC bit are hatched in Figs. 1 6 through 36. 
[0084] The results of the above-mentioned CRC checks are used as follows. 

CRC for each CPS PDU: Judge whether retransmission with the retransmission protocol of the upper layer 
(SSCOP, layer 3 retransmission) is necessary or not 

CRC for each selecting synthesis unit of ACCH • DTCH: (i) the outer loop transmission power control, (ii) reliability 
for selecting synthesis. 

CRC for each of the inner coding units of UPCH: outer loop transmission power control. 
CRC for each of the inner coding units of RACH: layer 1 retransmission. 
CRC for each of the inner coding units of SDCCH: (i) outer loop transmission power control, (ii) judgment of neces- 
sity of wire transmission. 

40 B-1-5-3: Each function of PAD. Length and W bit 
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20 



30 



35 



( 1) PAD 

[0085] The PAD is applied to CPS PDU of logical channels other than DTCH. PAD is included in CPS PDU to make 
the length of CPS PDU an integer multiple of the length of the inner coding unit or the length of the selecting synthesis 
unit. PAD is included in CPS PDU in 1 octet units, and all bits of PAD are "0." 



(2\ Length 

[0086] The length is applied to CPS PDU of logical channels other than DTCH, and designates the padding informa- 
tion amount (octet number) within the CPS PDU unit 



(3) WW 

[0087] W bit designates the header, continuation and termination of CPS PDU for each of the inner coding units or 
the selecting synthesis units. The correspondence between the bit pattern and designating contents of the W bit is 
shown in Table 4, and an example of the method of use of W bit is shown in Fig. 37. 
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Table 4 



Correspondence between bit pattern and 
designating contents of W bit 


Wbit 


Designating contents 


00 


Continuation & continuation 


01 


Continuation & termination 


10 


Start & continuation 


11 


Start & termination 



15 B-1-5-4: Inner coding 

[0088] Inner coding will now be described. Inner coding is a convolutions! coding that is carried out in convolutions! 
coding unit 31 in this embodiment Fig. 38 shows the constitution of the convolutions! coding unit In this case, the out- 
put order of the convolutional coding unit becomes: output 0, output 1 and output 2. However, for a coding ratio 1/2, the 
20 convolutional coding unit outputs until output 1 . The initial value of the shift register of the convolutional coding unit is 
"0" for all bits. 

[0089] The parameters of the inner coding of each logical channel are shown in Table 5. Radio characteristics change 
in accordance with the interleaving depth. Thus, in this embodiment as shown in Table 5, the interleaving depth is 
changeable so that the radio characteristics can be improved. 

25 



Table 5 





Inner coding Parameters of each logical channel 


30 


Logical channel type 


Coding scheme 


Coding rate 


Interleaving depth 




BCCH1 


9 


1/2 


10 




BCCH2 






10 




PCH 






12 


35 


FACH-L 






72 




FACH-S 






72 




RACH-L 






72 


40 


RACH-S 






32 




SDCCH 






30 




ACCH(32/64ksps) 






6 


45 


ACCH(128ksps) 






10 


ACCH(256ksps) 






26 




DTCH(32ksps) 




1/3 


24 




DTCH(64ksps) 






64 


50 


DTCH(128ksps) 






140 




DTCH(256ksps) 






278 



B-1-5-5: Outer coding 

55 

[0090] Next outer coding will be described. 
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(1) Reed-Solomon coding and decoding (the prooess of RS coding unit 63 and RS decoding unit 61 shown in Fig. 5) 

[0091] The coding form is reduced code RS (36, 32), which has been reduced from primitive RS code (255, 251) 
defined on GALOA GF (2 8 ). The primitive polynomial is expressed by equation (5), and the code generating polynomial 
is expressed by equation (6), as follows. 

p = X 8 +X 7 +X 2 +X+1 (5) 

G(X) = (X+1)(X+a)(X+cc 2 )(X+a 3 ) (6) 

[0092] The outer coding process is adopted only at the time of unrestricted digital transfer in the line switching mode. 
The outer coding process is carried out every 64kbps (1B), independent of transmission speed. 

(2 ) Symbol interleaving (functions of interleaving unit 321 

[0093] In this embodiment, interleaving is carried out at each 8 bit symbol. The depth of the interleaving is 36 symbols, 
irrespective of the symbol rate of DTCH. 

(3) Outer code processing synchronization 

[0094] Every 80 ms of data is designated as an outer code processing unit The outer code processing is carried out 
synchronizing with radio frames. The ordering number is added to each radio frame in the outer code processing unit, 
i.e., numbers 0 - 7 are added in order of transmission. Outer code processing synchronization is established in accord- 
ance with this order. 

B-1-5-6: Informing interference power 

[0095] Next, the process for informing of the uplink interference power will be described. The interference power is 
informed by BCCH1 and BCCH2. The informed contents is a measured value of a newest uplink interference power, 
which is the total reception power including the thermal noise, of each sector. Table 6 shows an example of the relation- 
ship between the bit value and the value of the uplink interference power. Each of the bit patterns shown under the "Bit 
value" column in Table 6 is transmitted from the left side bit, respectively. 



Table 6 



Relationship of the uplink interference power and the bit value 


Bit value 


Uplink interference power 


1010 0001 
1010 0000 

0000 0001 
0000 0000 


Equal to or more than 60.0 6B\i 

Equal to or more than 59.5 dBfi, equaf to or less than 60.0dBn 

Equal to or more than -20.0 dBu, equal to or less than -19.5dBp, 
Equal to or less than -20.0 6B\i 



B-1-5-7: Func tions of SFN 

[0096] Next, the SFN (System Frame Number) will now be described. This information is informed by BCCH1 and 
BCCH2. The value of the SFN has a 1-to-1 correspondence with the radio frame. Furthermore, the SFN is incremented 
by at every 10 ms radio frame. This information will be expressed in the capital letters "SFN." 

[0097] The SFN is transmitted by BCCH1 and BCCH2 by using the head radio frame from among the two radio frames 
in the transmitting timing of BCCH1 and BCCH2. This SFN transmitted in the transmission timing of BCCH1 and 
BCCH2 is expressed as small letters "sfn." Fig. 39 shows the relationship of SFN and sfh which is to be transmitted. 
[0098] When SFN and sfn have the relationship shown in Fig. 39, the base station BS generates a count value on the 
basis of the timing designated by the transmission channel. The mobile station MS calculates a modulo of SFN, and 
recognizes the super frame by the result. SFN takes a value in the range from 0 to 2 16 - 1 . When the radio frame takes 
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SFN=2 16 - 1, the next radio frame takes SFN = 0. The sfn is transmitted every 16 bits. 
[0099] The usage of SFN will be described as follows. 

(1) Uplink lono code phase calculation 

5 

[0100] The mobile station MS generates the long code by calculating an uplink long code phase at the time of a call 
setup due to call origination or incoming call acceptance and diversity handover, according to the description at section 
B-2 entitled "Base station BS transmitting/receiving timing" and also in Figs. 40 - 43. 

10 (2\ Super frame synchronization 

[0101] The radio frame that is SFN mod 64=0 becomes the head frame of the super frame, and the radio frame that 
is SFN mod 64=63 becomes the termination frame of the super frame. 

is B-1-5-8: Func tions of PIP 

[0102] Next, PID (Packet ID) will be described as follows. This information is adopted for RACH-S/L and FACH-S/L. 
PID functions as a call in connection with transmission information, or as an identifier for identifying the mobile station 
MS, on the common control physical channel. The length of information is 16 bits. There are two applications for this 
20 information, as follows. Note that the following functions belong to the application software (software for controlling). 

(1) SDCCH setting request and setting response 

[01 03] PID is used for a SDCCH (Stand-alone Dedicated Control Channel) setting request in RACH (Random Access 
25 Channel) from the mobile station MS to the base station BS and the setting response in FACH (Forward Access Chan- 
nel) from the base station BS to the mobile station MS. PID in FACH which transmits the setting response is the same 
as PID in RACH which transmits the setting request. The value of PID in this usage takes a value selected at random 
by the mobile station MS. 

30 (2) Packet data transmission 

[0104] PID is used in a packet data transmission by RACH and FACH. The value of PID in this usage is determined 
in the base station BS. The base station BS selects a unique value for each sector. 

[01 05] The main usages are as mentioned above. PID is data of 1 6 bits, with the value of PID ranging from 0 to 65535. 
35 The range of PID values is divided to a plurality of ranges for each usage, and employed. Table 7 shows the range of 
PID values in each usage. PID is transmitted from MSB side. 



Table 7 



Range of PID value 


Usage 


Range of values 


SDCCH setting request directly before SDCCH setting and setting response 
Packet transmission 


0-63 

64 - 65535 



B-1-5-9: Fun ctions of other bits 
(1) u/c 

50 

[0106] Next, information U/C will be described. With the exception of FACH-S ACK mode, this information U/C is 
adopted in the RACH-S/L, FACH-S/L, and in the UPCH of all symbol rates. Information U/C is used as an identifier for 
identifying whether information included in CPS SDU (CPS Service Data Unit) is the user information or the control 
information. Table 8 shows the constitution of the U/C bit 

55 
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Table 8 



U/C bit constitution 


bit 


Identifying contents 


0 
1 


User information 
Control information 



10 

(2)TN 

[0107] Next information TN will be described. With the exception of the FACH-S ACK mode, this information TN is 
adopted in RACH-S/L, FACH-S/L and UPCH of all symbol rates. Information TN is used as identifier for identifying 
15 whether information included in CPS SDU indicates the termination node of the base station BS or not Table 9 shows 
the constitution of the TN bit 



Table 9 



U/C bit constitution 


Bit 


Identified contents 




RACH, uplink UPCH 


FACH, downlink UPCH 


0 


MCC-SIM termination 


Transmission from MCC-SIM 


1 


Base station termination 


Transmission from base station 



(3) Sequence Number 

30 

[0108] Next the sequence number (S bit) will be described. This information is adopted in RACH. Its objective is to 
reassemble CPS PDU with high efficiency while taking into consideration the retransmission (layer 1 retransmission) 
between mobile stations MS and the base station BS with RACH. The range of the sequence number values is 0 - 15. 
A CPS PDU is reassembled on the basis of the result of CRC. The sequence number value in the head radio unit of 
35 CPS PDU is "0." 

(4) Mo 

[0109] Next information Mo will be described. This information is adopted in FACH-S, and is a bit for identifying the 
40 mode of FACH-S. Table 1 0 shows the constitution of the Mo bit. 



Table 10 



Mo bit constitution 


bit 


Identified contents 


0 


Normal mode 


1 


ACK mode 



50 

(5} CPS SDU 

[0110] Next the maximum length of CPS SDU will be described. In this embodiment the maximum length is Lcps, 
independent of the logical channel. Lcps is recorded as a system parameter. 

55 

B-2: Transmission and reception timing of the base station BS 

[01 1 1] The transmission and reception timing of the base station BS will now be described. 
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[01 1 2] A concrete example of the radio frame transmission and reception timing and a long code phase for each phys- 
ical channel is shown in Figs. 40 though 43. As clear from these figures, sfn is not added to any physical channels other 
than the perch channel. However, the frame number FN corresponding to SFN is considered in all physical channels. 
The correspondence between SFN and frame number FN is shown in Figs. 40 through 43. 
s [01 13] The base station BS generates the frame timing (standard SFN of the base station BS) that is used as a stand- 
ard on the transmission channel. The radio frame transmission and reception timing of the various physical channels is 
set as a timing offset with respect to the standard SFN of the base station BS. 

[0114] The phase in which the head chip of the frame timing of the base station BS standard SFN=0 is "long code 
phase" = 0 is designated as the base station BS standard long code phase. "Chip" is the minimum pulse of the spread- 
to ing code series. The long code phase of various physical channels is set as a phase that is offset with respect to the 
standard long code phase of the base station BS. 

[01 1 5] The radio frame transmission and reception timing and the long code phase for each physical channel will be 
described with reference to Figs. 40 through 43. The parameters employed in the explanation will be described later. 
[0116] The radio frame transmission and reception timing and the long code phase for each physical channel will be 

15 described with reference to Figs. 40 through 43. The parameters employed in the explanation will be described later. 
[0117] Fig. 40 is a timing chart showing the transmission timing and the long code phase of the perch channel and 
the common control physical channel. As shown in Fig. 40, the transmission timing and long code phase of the radio 
frame in the perch channel are offset by T SECT chip (offset in each sector) with respect to BTS standard SFN. The var- 
iable T SE ct vanes according to the sector. The transmission timing of the radio frame in the forward common control 

20 channel is offset by T C cch chip (time slot offset) with respect to the transmission timing of the perch channel. The long 
code phase of the forward common control channel coincides with the long code phase of the perch channel. 
[01 1 8] Fig. 41 is a timing chart showing the transmission timing and the long code phase in the reverse common con- 
trol physical channel. As shown in Fig. 41, the receiving radio frame of the MS common control physical channel is 
delayed with respect to the transmission radio frame of the BTS common control physical channel. This delay is caused 

25 by the transmission delay. The offset of the transmission timing of the radio frame and the long code phase in each 
y transmission timing (transmission timing 0 through transmission timing 15) of RACH take the value which results when 
a predetermined value (2560 chips) is added in order to the reception timing of the radio frame of the MS common con- 
trol physical channel. For example, the transmission timing of the radio frame and the long code phase in transmission 
timing 0 of RACH are offset by 2580 chips for the reception timing of the radio frame in the MS common control physical 

30 channel, the transmission timing of the radio frame and the long code phase in transmission timing 1 are offset by 5120 

chips and the transmission timing of the radio frame and the long code phase in transmission timing 15 are offset 

by 38400 chips. 

[01 1 9] Fig. 42 is a timing chart showing the transmission and reception timing and the long code phase in a dedicated 
physical channel. As shown in Fig. 40, the transmission radio frame of the BTS perch channel is offset by T SECT chip 
35 for BTS standard SFN. As shown in Fig. 42, the transmission timing of the radio frame in the BTS dedicated physical 
channel is offset by T FRAME (frame offset) + T SLO t for the transmission radio frame in BTS perch channel. The long 
code phase of the BTS dedicated physical channel coincides with the transmission timing of the radio frame in the BTS 
perch channel. 

[0120] The receiving radio frame on the MS perch channel lags behind the transmission timing of the radio frame on 
40 the BTS perch channel because of the transmission delay. The reception timing on the radio frame in the MS forward 
dedicated physical channel is offset by T^rame + t slot cni P s wi* 0 respect to the reception timing of the radio frame on 
the MS perch channel. The transmission timing of the radio frame on the MS reverse dedicated physical channel is off- 
set by 1280 chips with respect to the reception timing of the radio frame on the MS forward dedicated physical channel. 
On the other hand, the long code phase of the radio frame in the. MS reverse dedicated physical channel coincides with 
45 the reception timing of the radio frame on the MS perch channel, its value beginning at zero when SFN=0, beginning at 
409S0 when SFN=2, .... and beginning at 40960 x 2 16 -1 when SFN = 2 16 - 1 . 

[0121] The reception timing of the radio frame in the BTS reverse dedicated physical channel is offset by Tframe + 
Tslot + 1 280 + TRANSM ISSION DELAY x 2 chips with respect to the transmission timing of the radio frame in the BTS 
perch channel. 

so [0122] Fig. 43 is a timing chart showing the transmission timing and the long code phase in the dedicated physical 
channel for DHO. "DHO" means "diversity hand over." In DHO, the call connection is handed over to the base station 
BS toward which the mobile station MS is moving in such a manner that the new call connection is established while 
the previous call connection is still maintained between the mobile station MS and the base station BS from which the 
mobile station MS is moving away. In the following description, "new" channel and "new" BTS indicates that they are 

55 newly adopted for the new call connection due to DHO and "previous" channel and "previous" BTS indicates that they 
have been utilized for the previous call connection prior to DHO. 

[0123] As shown in Fig. 43, the transmission timing of a radio frame on a new perch channel by a new BTS is offset 
k>y T S ect2 chips (offset in each sector) with respect to the new BTS standard SFN for DHO. The reception timing of a 



20 



EP 0 977 393 A1 



radio frame on a new perch channel by the mobile station lags behind the transmission timing of the radio frame by the 
new BTS because of path delay. 

[0124] On the other hand, the transmission timing of a radio frame on a reverse dedicated physical channel by the 
mobile station is offset by 1280 + p chips with respect to the reception timing of the radio frame on the previous reverse 

5 dedicated physical channel by the mobile station. The difference between the transmission timing of a radio frame on 
the reverse dedicated physical channel by the mobile station and the transmission timing of a radio frame on the new 
perch channel by the mobile station is a frame time difference measurement value designated as Tqho- 
[0125] The reception timing of a radio frame on the new reverse dedicated physical channel by the new BTS lags 
behind the transmission timing of the radio frame by the mobile station by the path delay, and is offset by C + 1 280 chips 

10 with respect to the long code phase of a radio frame on the reverse dedicated physical channel transmitted by the new 
BTS. The value of the long code phase of the radio frame on the reverse dedicated physical channel transmitted by the 
new BTS begins at zero when SFN = 2 16 - 1, begins at 40960 when SFN = 0, ... ( and begins at '40960 x 2 16 - 1' when 
SFN = 2 16 - 2. The transmission timing of a radio frame on the forward dedicated physical channel by the new BTS is 
offset by T DHO - 1 280 - a chips with respect to the transmission timing of a radio frame on the perch channel by the new 

is BTS. The long code phase on the new forward dedicated physical channel by the new BTS coincides with the transmis- 
sion timing of the radio frame on the new perch channel by the new BTS. The reception timing of a radio frame on the 
new forward dedicated physical channel by the mobile station lags behind the transmission timing of the radio frame on 
the forward dedicated physical channel by the new BTS because of path delay. 

[0126] Table 1 1 shows the offset value of the transmission and reception timing of the radio frame and the long code 
20 offset value in various physical channels. 



Table 11 



25 


Physical channel transmission/reception offset value (chip number) 


Physical channel 


Radio frame transmission/Reception 
timing 


Long code phase 




Perch channel 


T SECT 


T SECT 


30 


Forward common control physical 
channel 


TsEcr 1 " T CCCH 


T SECT 




Forward dedicated physical channel 
(non-DHO) 


T SECT + T FRAME + ^SLOT 


T SECT 


35 


Forward dedicated physical channel 
(as of new base station at the time of 
DHO) 


t sect+ < T DHO > "340 X C 


T SECT 


40 


Reverse common control physical 
channel (RACH) 


(IJTsECT+TcCCH 

(2) T SECT + TCCCH+ 640 x C 

(3) T SECT + TCCCH+ 1280 x C 

(1 6)T SECT + T CCCH + 9600 x C 


CFSECT+TCCCH 

(2) Tsect+ Tccch + 640 x C 

(3) Tsect+ Tccch + 1280 x C 

(16)T SECT + TCCCH+ 9600 x C 


45 


Reverse dedicated physical channel 
(non-DHO) 


Tsect+ Tframe + Tslot + 340 x C 


T SECT 


50 


Reverse dedicated physical channel 
(as of new base station at the time of 
DHO) 


T SECT + T DHO 


Tsect*" Tdho + T"frame + t slot -340 
xC 



[0127] In Table 1 1 , [ <) ] means to cut chip unft value T DH0 to a symbol unit value, and "DHO" means "diversity hand 
over." In DHO, the call connection is handed over to the base station BS toward which the mobile station MS is moving 
in such a manner that the new call connection is established while the previous call connection is still maintained 
55 between the mobile station MS and the base station BS from which the mobile station MS is moving away. In contrast, 
in non-DHO, the previous call connection between the mobile station MS and the base station BS from which the mobile 
station is moving away is terminated temporally and then the new call connection is established between the mobile sta- 
tion MS and the base station BS toward which the mobile station is moving. In Table 11 , '340 x C* is the chip number 
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corresponding to 1/2 of a time slot Thus, 'C varies according to chip rate. In this embodiment, C = 4, 8, and 1 6 and chip 
rate = 4.096, 8.192. and 16.384 Mcps (megachips per second). 

[0128] The offset values T SE ct. T D ho» Tccch- t frame. and t slot in Table 1 1 will now be described. 

5 UUSECT 

[01 29] The offset value T S ect varies according to the sector. The same offset value is adopted to all physical channels 
in each sector. The value T§ect ' s fess th 3n or equal to the value of the time slot interval and is represented in chip unit 
The long code phase of the forward dedicated physical channel is unified with the offset value T S ect so t" 3 * a reduction 
10 in the amount of interference due to forward quadrature may be anticipated. It is possible to avoid the long code mask- 
ing symbol from becoming the same timing between the sectors by differing the offset value T SECT between the sectors, 
so that more appropriate cell selection by mobile station MS is achieved. 

IZ HcccH 

15 

[0130] Tccch is an offset value used for the radio frame timing of the common control physical channel. This offset 
value Tccch 030 De set ' n e 30 " common control physical channel. Thus, it is possible to reduce the frequency with 
which transmission patterns in different common control physical channels coincide with each other with respect to a 
single sector. Accordingly, it is possible to make the amount of forward interference even. The value Tccch is ,ess tnan 
20 or equal to the value of the time slot interval and is represented in chip unit 

(3 Uframe 

[0131] T FRAME is an offset value used for the radio frame timing of the dedicated physical channel. This offset value 
25 Tframe 030 De ^ in eacn dedicated physical channel. Thus, it is possible to plan for uniformity in the transmission traf- 
fic for higher efficiency in the wired ATM transmission. The value TpR^g is less than or equal to the value of the radio 
frame interval and is represented in chip unit 

W Tslot 

30 

[0132] T SL ot is an offset value for the radio frame timing of the dedicated physical channel. This offset value T SLC rr 
can be set in each dedicated physical channel. Thus, it is possible to avoid coinciding transmission patterns and to uni- 
formize the amount of interference. The value T S lot * s less ^an or equal to the value of the time slot interval and is 
represented in chip unit 

35 

(Sl Idho 

[0133] T D ho is an offset value for the radio frame timing and the reverse long code phase in the dedicated physical 
. channel. This offset value T DH o is 3 measured value of the difference between the reverse transmission time at the 
40 mobile station MS and the perch reception time at the new base station measured by the mobile station MS. The value 
T DH0 is less than or equal to the value of the recerse long code phase and is represented in chip unit However, for 
hardware, one radio frame interval is sufficient to enable measurement. 

[0134] In the base station BS, although the reception timing with respect to the reverse physical channel roughly coin- 
cides with that shown in Table 11, a difference results from the transmission delay between the mobile station MS and 

45 the base station BS, and changes in the transmission delay. The base station BS adopts a reception method that can 
cancel the above differences. In the radio frame timing of the dedicated physical channel, the reverse channel transmis- 
sion is controlled to lag behind the forward channel transmission by half of one time slot interval (for example, it is 1 260 
chips when the chip rate is 4.096 Mcps). In this way, the transmission power control delay becomes 1 time slot Accord- 
ingly it is possible to plan for a decrease in control error. The specific setting method for the timing difference is shown 

so in Figs. 42 and 43. 

[0135] The reverse common control physical channel (RACH) will be described as follows. First of all, the radio frame 
timing of RACH takes an offset timing with respect to the radio frame timing of the corresponding forward common con- 
trol physical channel (FACH). In this case, this offset value takes 1 6 steps of the time slot interval (for example, it is 2560 
chips when the chip rate is 4.096Mcps), as shown in Figs. 42 and 43, for example. The head of the radio frame is 
55 adjusted to the initial value of the long code phase. Therefore, the long code phase also has 16 types of offset values. 
The mobile station MS can transmit a signal by selecting an optional timing among the 16 types of offset values. Thus, 
the base station BS in this embodiment can constantly receive RACH signal which is transmitted with all types of offset 
timings simultaneously. 
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B-3: Spreading code 



[0136] Next, the methods for generating spreading codes at the long code generating units 36 and 41 and the short 
code generating units 35 and 42 and the method for arranging each generated spreading code will be described. The 
5 spreading code includes a forward long code, a reverse long code and a short code. Each code will be described below. 
The generation and arrangement of the spreading code is carried out at the base station BS in the same manner as at 
the mobile station MS. 

B-3-1: Generating method 

10 

(1) Fprward long code 

[0137] The forward long code generated in the long code generating unit 41 is, for example, generated by the forward 
long code generating device shown in Fig. 44. In this embodiment this forward long code is a Gold code in which an M 
15 series which is obtained from the generating polynomial expressions (7) and (8) below is used. 

Shift register 1 : X 18 +X 7 +1 (7) 

Shift register 2 : X 18 +X 10 +X 7 +X 5 +1 (8) 

20 

[0138] In Fig. 44, the state in which the value of the shift register 1 is a long code number and the value of the shift 
register 2 is all '1', is designated as the initial state in the long code number. In this case, the range of the long code 
number is OOOOOh - 3FFFFh in hexadecimal notation. The MSB side of the long code number is input into the right side 
of the shift register 1 . 

25 [0139] The forward long code has one radio frame period. Thus, the output of the long code generating device is ter- 
minated by the output after 1 0 ms progress, and repeats in a pattern from phase 0 to a phase corresponding to the 1 0 
ms progress. The range of the phase is different according to the chip rate as shown in Table 12. 



Table 12 



Correspondence between chip rate and forward long code phase range 


Chip rate (Mcps) 


Range of phase (chip) 




For in-phase component 


For quadrature compo- 
nent 


4.096 


0 - 40959 


1024 - 41983 


8.192 


0-81919 


1024-82943 


16.384 


0-163839 


1024-164863 



[0140] Table 12 shows the range of the phase for the in-phase component and the quadrature component The long 
code phase is shifted by a predetermined shift quantity (shift: 1 024 chips) in the in-phase component and the quadra- 
ture component The shift quantity is not required to be 1024, but may be a value that allows recognition of the delay 
45 signal and the quadrature component The shift quantity is fixed irrespective of the chip rate, so that the constitution of 
the mobile station MS can be simplified. Thus, the shift quantity may be changed according to the chip rate. 
[0141] The long code generating device shown in Fig. 44 can create a state wherein the phase is shifted by any clock 
from the initial phase state. 



so (2) Reverse lono code 



[0142] The reverse long code which is generated in the long code generating unit 36 is generated by the reverse long 
code generating device shown in Fig. 45, for example, and, in this embodiment is a Gold code in which an M series 
that is obtained from generating polynomial expressions (9) and (10) below is used. 

Shift register 1 : X 41 +X 3 +1 (9) 

Shift register 2 : X 41 +x 20 +1 (10) 
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[0143] In Fig. 45, the state wherein the value of the shift register 1 is a long code number, and the value of the shift 
register 2 is all 'V, is designated as the initial state in the long code number. In this case, the range of the long code 
number is OOOOOOOOOOOh - IFFFFFFFFFFh in hexadecimal notation. The MSB side of the long code number is input 
into the right side of shift register 1. 
5 [0144] The reverse long code has a period corresponding to the total time for transmitting 2 16 radio frames (2 10 super 
frames). Thus, the output of the long code generating device is terminated by the output of the 2 1 6 radio frames, and is 
repeated in a pattern from phase 0 to a phase of 2 16 radio frames. The range of the phase varies according to the chip 
rate as shown in Table 1 3. 

10 

Table 13 



20 



Correspondence between chip rate and reverse long code phase range 


Chip rate (Mcps) 


Range of phase (chip) 




For in-phase component 


For quadrature component 


4.096 


0 to 2 16 x 40960-1 


1024 to 2 16 x 41960 + 1023 


8.192 


Oto 2 16 x 81920-1 


1024 to 2 16 x 82920 + 1023 


16.384 


Oto 2 16 x 163840-1 


1024 to 2 16 x 164840 + 1023 



[0145] Table 13 shows the range of the phase for the in-phase component and the quadrature component The long 
code phase is shifted by a predetermined shift quantity (shift 1024 chips) in the in-phase component and the quadra- 
ture component. The shift quantity is not required to be 1024 fixed as above described. The long code generating 
25 device shown in Fig. 45 can generate a state wherein the phase is shifted by any clock from the state of the initial phase. 

(3) Short code 

[CI 46} Next, the methods for generating short codes in the short code genera ting units 35 and 42 will be described. 
30 Two methods are provided: one is for generating the short codes for the long code mask symbol on the perch channel 
and the other is for generating other short codes. The hierarchical quadrature code series shown below is used for the 
symbols of all physical channels other than the perch channel, and for the symbols other than the long code mask sym- 
bols of the perch channel. 

[0147] The short code which consists of the hierarchical quadrature code series is designated by the code type 
35 number (Class) and the code number (Number). The period of the short code differs for each code type number. 

[0148] Fig. 46 shows the method for generating the short code, where the short code is indicated as C aass (number) 
in the figure. 

[0149] The period of the short code is set as the symbol period. Thus, if the chip rate (spreading band) is the same, 
the period of the short code and the code number which can be used differ according to the symbol rate. Table 14 
40 shows parameters of various short codes. 



Table 14 



45 



Parameters of various short codes 


Code Type 
number 


Short code 
period 
(chip) 


Short code 
number 


Code 
number 


Symbol rate (ksps) 










chip rate 
1.024 Mcps 


4.096 Mcps 


8.192 Mcps 


16.384 Mcps 


2 


4 


4 


Oto 3 


256 


1024 






3 


8 


8 


0to7 


128 


512 


1024 




4 


16 


16 


Oto 15 


64 


256 


512 


1024 


5 


32 


32 


Oto 31 


32 


128 


256 


512 


6 


64 


64 


Oto 63 


16 


64 


128 


256 



24 
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Table 14 (continued) 



Parameters of various short codes 


Code Type 
number 


Short code 
period 

fchirri 
\Cnip) 


Short code 
number 


Code 
number 


Symbol rate (ksps) 










chip rate 
1.024 Mcps 


4.096 Mcps 


8.192 Mcps 


16.384 Mcps 


7 


128 


128 


0 to 127 




32 


64 


128 


8 


256 


256 


0 to 255 




16 


32 


64 


9 


512 


512 


0to511 






16 


32 


10 


1024 


1024 


0 to 1023 








16 



[0150] In Table 14, the short code period, the number of the short code (short code number) expressed by the same 
code type number, the number (code number) given to the short code in the same code type number, and the symbol 
rate for various chip rates, are indicated according to the code type number. As described above, the short code number 

20 system consists of the code type number and the code number. The code type number is expressed in a binary 4 bit 
and the code number is expressed in a binary 12 bit. The short code phase is synchronized with a modulation and 
demodulation symbol. Thus, the short code phase is zero in the head chip of the symbol. Note that it is also acceptable 
to specify the short code by the code number only, without dividing it into the code number and the code type. 
[01 51] Next, the short code for the long code mask symbol will be described. The short code for the long code mask 

25 symbol of the perch channel differs from the case of other symbols. For example, the short code is generated by the 
short code generating device shown in Fig. 47. In this embodiment, the short code is a quadrature Gold code in which 
an M series which is obtained from generating polynomial expressions (11) and (12) below is used 

Shift register 1: X 8 +X 4 +X 3 +X 2 +1 (11) 

30 

Shift register 2: X 8 +X 6 +X 5 +X 3 +1 (12) 

[0152] In Fig.47, the initial value of the shift register 1 is short code number Nlms (fK Nu^ 255) for the long code 
masking symbol. The MSB side of Nlms is input to the left side of the shift register 1 . On the other hand, the initial value 
35 of the shift register 2 is ail '1 \ When all values of the shift register 2 are detected as *1 \ the shifting procedure is termi- 
nated, and '0' is inserted. The first chip of the short code output becomes '0\ The period is one symbol {256 chips) of 
the perch channel. 

B-3-2: Method for arranging spreading code 

40 

[0153] Next, the method for arranging the spreading code will be described. 

(1) Forward long code 

45 [0154] In the forward long code, the one long code number common to all sectors in one cell is arranged for the for- 
ward long code under system operation. Note, however, that when the base station BS apparatus is constructed, it is 
possible for different long code numbers to be arranged in each sector. The forward long code, which is used by a plu- 
rality of forward physical channels of the various types transmitted in a sector, uses the same long code number in all 
physical channels. 

so [01 55] The long code phase is the same as that described at section B-2 entitled "Transmission and reception timing 
of the base station BS." 

(2) Reverse long code 

55 [01 56] In the reverse long code, the long code number is arranged for every reverse physical channel. The dedicated 
physical channel which is mapped with DTCH, ACCH and UPCH, uses the reverse long code that was arranged for 
each mobile station MS. The dedicated physical channel and the common physical channel which are mapped with 
other logical channels use the reverse long code that was arranged for each base station BS. 
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[0157] The long code phase is the same as that described described at section B-2 entitled Transmission and recep- 
tion timing of the base station BS." 

(3) Short code 

5 

[01 58] The short code for physical channels other than the perch channel is arranged for each physical channel, and 
for each reverse/forward. 

[0159] On the other hand, the short code for the perch channel is arranged as follows. 

[01 60] The short code number for symbols other than the long code mask symbol of the first perch channel is common 
10 with all the cells, and is C8(0). As hardware constitution, it is possible to use any short code as the first perch channel. 
[0161] The short code number for the long code mask symbol of the first perch channel is common over all the cells, 
and is N^s = 1. As hardware constitution, it is possible to use any short code number Nlms for the long code mask 
symbol of the first perch channel. 

[01 62] The short code number for the long code mask symbol of the second perch channel uses one of the plurality 
is of predetermined short codes in each sector under the system. The short code number for the predetermined short 
code is recorded in the mobile station MS and the applications of the BSC (Base Station Controller) included in the base 
station BS. As hardware constitution, it is possible to use any long code masking short code for the second perch chan- 
nel. 

[01 63] One short code number for long code masking of the second perch channel corresponds to a plurality of for- 
20 ward long codes used in the same sector. Table 1 5 shows an example of the above-mentioned corresponding relation- 
ship. The information about the corresponding relationship is stored by the applications of the BSC and the mobile 
station MS. As hardware constitution, it is possible to use any long code masking symbol short code and the forward 
long code in the same sector. 



Table 15 



Correspondence between second perch channel 
short code and forward long code 


Short code number Njpc 
for second perch channel 
long code mask symbol 


Forward long code 


2 


00001h-00020h 


3 


00021h-00040h 


4 


00041h-00060h 


5 


00061h-00080h 



40 B-4. Spreading modulat ion signal generating method 

[0164] Next the spreading modulation signal generating method in the spreading unit 34 will be described. The 
spreading modulation signal is generated in the base station BS in the same manner as for the mobile station MS. 

45 (1) Spreading modulation method 

[0165] QPSK is adopted in both the reverse and forward channels as the spreading modulation method. However, it 
is also possible to adopt BPSK as the spreading modulation method. 

so (2) Short code assignment method 

[01 66] The short code assignment method assigns the same short codes to the short code SCi for the in-phase com- 
ponent and the short code SCq for the quadrature component according to the designated short code number system 
(code type number Class, code number: Number). 
55 [01 67] Namely, the short code SCi becomes as follows. 

SCi = SCq = C oass (Number) (1 3) 
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[01 68] In the reverse and forward channels, the short code number system is assigned separately so that it is possible 
to use the different short code in the reverse and forward channels. 

(3) Long code assignment method 

5 

[0169] Assume that the long code number is LN and the output value of the long code generating device at the point 
at which the long code generating device has been activated by the clock shift number 'Clock 1 from an initial state (i.e., 
the state in which the long code number is set into the shift register 1, and all Ts are set into the shift register 2) is des- 
ignated Glm (Clock). In this case, the output value LCi(PH) of the long code generating device for the in-phase compo- 
10 nent (PH is the long code phase) and the output value LCq(PH) of the long code generating device for the quadrature 
component in the long code phase shown in Fig. 40 through Fig. 43 is expressed by the following equations (14) and 
(15) in both forward channel and reverse channel. 

LCi(PH) = G LN (PH) (14) 

15 

LCq(PH) = G lm(PH+1 024) (LCq(PH) is '0' in the case of BPSK) (1 5) 

[0170] The range of the long code phase in the in-phase component and the quadrature component is shown in 
Tables 12 and 13. 

20 

(4) Long code + short code generating method 

[01 71] The method for generating the spreading code Ci for the in-phase component and the spreading code Cq for 
the quadrature component using the long code and the short code are as shown in Fig .48. 

25 

(5) Constitution of spre9ding unit 34 

[0172] The constitution of the spreading unit 34, which spreads the in-phase component Di and the quadrature com- 
ponent Dq of the transmitting data by using the spreading codes Ci, Cq so as to generate the in-phase component Si 
30 and the quadrature component Sq of the spread signal, is as shown in Fig. 49. 

B-5: Random access control 

[0173] An example of the random access transmission method is shown in Fig. 50. In Fig. 50, the mobile station MS 
35 transmits an RACH frame at a time which is delayed randomly with respect to the receiving the frame on the forward 
common control channel. The random delay quantity is an offset timing of the 16 types shown in Fig. 41. The mobile 
station MS selects the offset timing randomly whenever RACH is transmitted. For the RACH, frame transmission 
method is employed. 

[01 74] On the other hand, when an RACH frame in which the results of the CRC checks of the inner coding units are 
40 OK is detected, the base station BS transmits a PID of RACH in which the CRC check is OK by using the ACK mode of 
FACH-S, with the next FACH radio frame of the FACH radio frame which is transmitted at the detected time, 
[01 75] The mobile station MS transmits the next radio frame after receiving an ACK for the prior radio frame by ACK 
mode of FACH-S, when there are a plurality of RACH radio frames to be transmitted. The mobile station MS uses the 
same PID value for all RACH radio units, when one CPS information to be transmitted consists of a plurality of RACH 
45 radio units. The mobile station MS does not use both RACH-L and RACH-S simultaneously, but uses only either RACH- 
L or RACH-S for transmitting one CPS information. 

[0176] The mobile station MS retransmits the same RACH radio unit when it cannot receive the PID value of previ- 
ously transmitted RACH radio unit by ACK mode of FACH-S for a predetermined time Tra ms after the RACH has been 
transmitted previously. In this case, the PID value employs the same value, and the maximum retransmission number 

so is Nra. Thus, the same RACH radio unit is transmitted at most Nra + 1 times, including the first transmission. A maxi- 
mum of up to 7 PIDs of RACH, in winch OK was detected for the CRC, can be contained in the ACK mode of FACH-S. 
[0177] On the other hand, when there is a mobile station MS which does not return an ACK by RACH in which OK 
was detected on the basis of CRC checks by a point directly before the transmission timing of the radio frame for FACH, 
the base station BS transmits ACK mode FACH-S by the first FACH-S giving priority to old timings at which OK was 

55 received on the basis of CRC checks. A mobile station MS which does not return an ACK within the specified time Tac K 
ms after OK was detected on CRC is excluded as a transmission target for ACK mode FACH-S. 



27 



EP 0 977 393 A1 

B-6: Multi-code transmission 

[0178] Next, multi-code transmission will be described. When one RL-ID (Radio Link ID: identification information 
assigned with one hand over branch for each one call) consists of a plurality of dedicated physical channels (spreading 

5 code), the one RL-ID is transmitted as shown below, and pilot synchronous detection and transmission power control 
etc,, are carried out by arrangement in all dedicated physical channels in the one RL-ID. In the case where a plurality 
of RL-ID is assigned to one mobile station MS, the pilot synchronous detection and the transmission power control are 
carried out independently for each RL-ID. The frame timing and the long code phase coincide with each other in all ded- 
icated physical channels in the one RL-ID. 

10 [01 79] Either or both of the two examples shown below are used as the transmission method for the pilot symbol and 
the TPC symbol, so that it is possible to anticipate an improvement in the quality of synchronous detection and a 
decrease in the error rate of the TPC symbol. 

[0180] A first example is shown in Fig. 51. In the example, the pilot symbol and the TPC symbol are transmitted with 
only one dedicated physical channel which is designated from among a plurality of dedicated physical channels in one 

is RL-ID. In other dedicated physical channels, the pilot symbol and the TPC symbol are not transmitted. In the dedicated 
physical channel through which the pilot symbol and the TPC symbol are transmitted, the pilot symbol and the TPC 
symbol are transmitted at a transmission power which is the number of the dedicated channels in one RL-ID times the 
transmission power for symbols other than the pilot symbol and the TPC symbol. The reason for this is as follows. 
[0181] Ordinarily, the same information is transmitted as the pilot symbol in each dedicated physical channel when a 

20 plurality of codes is transmitted. Thus, the final result is obtained by synthesizing the received signal by the receiver for 
each dedicated physical channel. In this method, each receiver receives the pilot symbol and the TPC symbol that were 
transmitted at low transmission power. In this case, it is necessary to improve the quality of each receiver to improve 
the precision of the final result In the system according to the present invention, the pilot symbol and the TPC symbol 
are transmitted in only one dedicated physical channel at the higher transmission power than the other transmission 

25 period, and are received by only one receiver. Consequently, it is unnecessary to enhance the quality that is demanded 
of the receiver. That is, It is possible to comparatively easily decrease the error rate of the TPC symbol. The transmis- 
sion power of the above period is made be a multiple of the dedicated channel number of the transmission power for 
each dedicated physical channel in other periods, so that the power in the final result becomes constant 
[0182] A second example is shown in Fig. 52. in the example, in ail dedicated physical channels in one RL-ID, the 

30 short code used in one specified dedicated physical channel is used only in the pilot symbol and the TPC symbol. Since 
common phase portions of the pilot symbol and the TPC symbol are combined with each other, it is desirable to control 
the transmission power of each dedicated physical channel, so that the transmission power of the pilot symbol and TPC 
symbol becomes: 

35 [transmission power of other portions] x 1 /[square root of the dedicated physical channel number] 

For example, in the case of the example shown in Fig. 52, it is desirable that the transmission power of each dedicated 
physical channel becomes a half of the transmission power for other portions since the number of the dedicated phys- 
„ ical channel is '4\ 

40 

B-7: Transm ission power control 

[0183] The transmission pattern of each physical channel is shown in Figs. 53 through Fig. 57. The transmission 
power control in each physical channel will be described with reference to these figures. 

45 

(11 Perch channel 

[0184] As shown in Fig. 53, in the first perch channel, symbols other than the long code mask symbol which is 
included in each time slot are constantly transmitted at the designated transmission power P P1 . On the other hand, the 
so long code mask symbol which is included in each time slot is transmitted at the transmission power which is obtained 
by taking the designated value Pdown fr°m toe above transmission power P P1 . Since the transmission power for the first 
perch channel is constant irrespective of the existence of transmission information of BCCH1 and BCCH2 that are 
mapped, the idle pattern (the PN pattern) is transmitted when there is no transmission information on the first perch 
channel. 

55 [0185] In the second perch channel, only the long code mask symbol part that is included in each time slot is trans- 
mitted, and other symbols are not transmitted. The long code mask symbol in the second perch channel is transmitted 
at the same timing as the long code mask symbol in the first perch channel. The transmission power is a designated 
value Pp2 which is constant The values P P1 , Pdown and P P2 are determined at the base station BS so that the mobile 
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stations MS which presents in a neighboring sector can determine a sector. 
(2\ Forward common control physical chann el (for FACH) 

s [01 86] As shown in Fig. 54, in a radio frame in which there is no transmission information in either FACH-L and FACH- 
S. the transmission becomes OFF over all periods of the radio frame including the pilot symbol. In a radio frame in which 
there is transmission information in FACH-L. the radio frame is transmitted at a designated transmission power value 
Ppl over all periods of the radio frame. The transmission power value is designated for each transmission information. 
Therefore, the transmission power value is able to become variable for each radio frame. In the radio frame, the trans- 

10 mission power is constant at the designated transmission power value P^. 

[0187] In the case where there is transmission information only in the first FACH-S from among four FACH-Ss in the 
radio frame, only the time slot of the first FACH-S is transmitted at the designated transmission power value (P FS i). That 
is, the transmission power value becomes P FS 1 every four time slots. When the transmission information occurs in the 
first and second FACH-S, the time slots of the first and second FACH-S are transmitted at the transmission power val- 

15 ues (P FS i and P F S2> w™ 0 " are designated. When the transmission information occurs in the first and third FACH-S, the 
time slots of the first and third FACH-S have the transmission power values (P F si. P F S3> are designated. Fig. 54 
shows an example in which the mobile station MS corresponding to the first FACH-S is located closer to the base sta- 
tion BS than the mobile station MS corresponding to the second and third FACH-S. 

[01 88] The transmission power of FACH-S of the ACK mode is always the same value, and the transmission informa- 

20 tion is transmitted at the designated transmission power Pack- 

[0189] As clear from Fig. 54, in this embodiment, in the time slot of FACH-L or FACH-S in which there is transmission 
information, the pilot symbol is transmitted without foil on both sides of the symbol part for the logical channel. There- 
fore, for example, in the case where the time slot of a FACH with no transmission information is located adjoining the 
rear of the time slot of a FACH which has transmission information, only the pilot symbol that is located near the time 

25 slot of the FACH having the transmission information must be transmitted, even in the time slot of the FACH without 
transmission information. The transmission power value of this pilot symbol becomes the transmission power value of 
the time slot of the adjoining FACH-S having the transmission information. 

[0190] When there are two adjoining time slots of FACH having transmission information, the transmission power of 
the pilot symbol in the time slot at the later side (that is, the pilot symbol adjoining the prior time slot) becomes the higher 
30 one among the transmission powers of the adjoining time slots. 

[0191] The values Pr., P F si - P F S3 are determined by an application based on the SIR value, which is obtained by 
the mobile station MS receiving the perch channel, and is included in RACK 

(3 ) forward common control physical c hannel (for PCH1 

35 

[01 92] As shown in Fig. 55, the PD part, of which there are two in each group, is constantly transmitted with all groups. 
The transmission power is made to be the transmission power value Ppch that was designated. When the PD part is 
transmitted, the pilot symbol in the time slot to which the PD part was mapped is also transmitted. The pilot symbol in 
the later-adjoining time slot is not transmitted. 
40 [0193] The I part of each group is divided into four time slots (11 - 14). Only the I part of a group which has calling 
information is transmitted, while the I part of a group which does not have calling information is not transmitted. The 
transmission power is made to be the transmission power value Ppch that was designated by a macro. Here, "macro" 
means a command that is issued by the control program of the base station BS. 

[01 94] In the time slot in which the I part of a group which has calling information is mapped, the pilot symbol is trans- 
45 mitted without fail on both sides of the symbol part for the logical channel. For example, in the case where the time slot 
of the I part of a group which does not have calling information adjoins the rear of a time slot of the I part of a group 
which has calling information, only the pilot symbol must be transmitted, even in the time slot of the I part of a group 
which does not have calling information. 

[0195] The value of P PCH is determined at the base station BS so that almost all mobile stations MS in a sector can 
so receive the pilot symbol, 

f4) Reverse common control physica l channel ( RACm 

[0198] As shown in Fig. 56, a signal is transmitted from the mobile station MS via this channel only in the case where 
55 there is transmission information. Each signal is contained in one radio frame. The transmission power Prl of RACH-L 
and the transmission power Prs of RACH-S are determined by open loop control at the mobile station MS, and are con- 
stant in a radio frame. The pilot symbol is added to the end of the radio frame, and is transmitted. The transmission 
power of this pilot symbol is the same as the transmission power of the preceding radio frame. 
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(5) Forward dedicated physical channel 

[01 97] Fig. 57 shows a transmission pattern of the dedicated physical channel. When the initial setting of the forward 
dedicated physical channel is carried out, the transmission is started at a designated transmission power value Pp, irre- 

s spectrve of the time of the call setup due to call origination or incoming call acceptance or diversity hand over. The trans- 
mission is continuously carried out at the constant transmission power Pp, until the establishment of synchronous 
reception for the reverse dedicated physical channel is finished, and the decoding of the reverse TPC symbol becomes 
possible. The value P D is determined by a method similar to the method in case of FACH at the base station BS. 
[0198] When the establishment of synchronous reception for the reverse dedicated physical channel is finished and 

w the decoding of the reverse TPC symbol becomes possible, high speed closed loop transmission power control is car- 
ried out in accordance with the result of decoding of the TPC symbol. In high speed closed loop transmission power 
control, the transmission power is adjusted in a 1 dB control step directly before each time slot on the basis of the 
decoding result of the TPC symbol. 

is (6) Reverse dedicated physical channel 

[0199] On the other hand, at the time of the call setup due to call origination or incoming call acceptance, the mobile 
station MS starts transmission of the reverse dedicated physical channel, after the processing to establish synchronous 
reception for the forward dedicated physical channel has satisfied specified conditions. The transmission power value 

20 of the first time slot at the time of starting transmission is determined by the open loop control similar to that in case of 
RACH, and the high speed closed loop transmission power control is carried out for the transmission power value of a 
subsequent time slot in accordance with the decoding result of the TPC symbol in a forward dedicated physical channel. 
[0200] At the time of diversity hand over, it is not necessary to newly set up the reverse dedicated physical channel. 
The transmission power is controlled for every time slot by the high speed closed loop transmission power control at the 

25 time of diversity hand over. 

B-8: Variable rate transmission control 

[C2G1] The variable rate transmission that is matched to ITU-T (international TeiecomrriunicatiGn U n 1 on-Te ' scorn rn u- 
30 nications Sector) Recommendation G. 729 or EVRC is carried out only for the dedicated physical channel for the voice 
service. Regarding the dedicated physical channel (128ksps over) for data transmission, the variable rate transmission 
is not carded out Rate information is not transmitted, but rather the rate decision is earned out using a blind rate deci- 
sion method on the receiving side that is described later. 

35 B-9: Bit transmission method 

[0202] The CRC bit is output in order from high dimension to low dimension, and the traffic channel (TCH) is output 
in the order of input Bit value '0' is output for all tail bits, and bit value '1' is output for all dummy bits. Furthermore, the 
idle pattern is made to be an optional PN pattern. However, in the case where a dummy or idle pattern is transmitted, 
40 CRC coding is also carried out 

B-10: Incoming call acceptance control 

[0203] Next, incoming call acceptance control will be described by separating into the base station BS operations and 
45 the mobile station MS operations. 

B-1 0-1: Operation of base station BS 

[0204] The mobile stations MS in this embodiment are divided into several groups by a predetermined method. When 
so a call attempt identifying a mobile station occurs, a call attempt message is sent to alt mobile stations belonging to the 
group which the identified mobile station belongs to. 

[0205] The group division has been already carried out by an application in the base station. In the base station, the 
called party information, which includes the identification number of the mobile station MS that is identified by the call 
attempt, and the group number, which corresponds to the group of the identified mobile station MS, are designated 
55 through the macro. The base station BS transmits the called party information using the I parts (11 - 14) of PCH corre- 
sponding to the designated group number. 

[0206] The base station BS transmits two PD parts (PD1 and PD2) in PCH all of which is set as '0,' and does not 
transmit the I parts on the PCH corresponding to groups which do not relate to called party information. 
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[0207] When the transmission of the called party information is instructed by the macro, the base station BS sets T 
for all of PD1 and PD2 of the PCH corresponding to the designated group number, and transmits the called party infor- 
mation using the designated I parts in the same PCH. 

5 B-10-2: Operation of mobile station MS 

[0208] On the other hand, the mobile station MS ordinarily receives only PD1 consists of 8 bits. In other words, the 
mobile station MS carries out the synchronous detecting reception using the pilot symbols which consists of four sym- 
bols adjoining the front side of PD1. 
10 [0209] The mobile station MS carries out a soft decision of majority operation for PD1 . The calculated result of this 
operation takes a value of '0' when all of the PD parts are '0\ in a state where there is no deterioration in the reception 
quality, and takes a predetermined positive maximum value when all of the PD parts are '1'. The mobile station MS 
operates as follows based on the thresholds M1 and M2 (M1 > M2) for the decision and the processing result 

is (1) If the processing result is equal or more than the threshold M1, the mobile station MS decides that call attempt 
has reached identifying a mobile station MS of the group to which the mobile station itself belongs, and receives 
the I part of the same PCH. 

(2) If the processing result is less than the threshold M2, the mobile station MS decides that a call attempt identify- 
ing a mobile station in the group to which the mobile station itself belongs has not reached, and sets reception off 

20 (receiving OFF) until the reception timing of PD1 in the group to which its own station belongs after receiving one 
super frame. 

(3) If the processing result is less than the threshold value M1 but equal to or greater than the threshold value M2, 
the mobile station MS receives PD2 in the same PCH, and carries out the above-decribed processing (1) and (2). 
When the processing result is less than the threshold value M1 but equal to or greater than the threshold value M2 

25 in PD2, the mobile station MS receives the I part of the same PCH. 

(4) In the case that it does not fall under in the above-described case (1), the mobile station MS receives the I part 
by the above-mentioned processing (2) or (3), and decides whether or not the mobile station is called in accordance 
with the called party information included in the I part 

30 B-11: Terminal interface 

[0210] Next, the terminal interface will be described. An interface (TE side interface) with an outside terminal which 
is connected to the mobile station MS, and an interface (MS core side interface) with a core part CMS core" hereinafter) 
of the mobile station MS, in the terminal interface unit TERM-INT of the mobile station MS, will be described. 

35 

B-1 1-1 : Overview of interface for each service 

[0211] A total of four types of services are offered in this embodiment the voice communication service, the unre- 
stricted digital signal transmission service, the packet signal transmission service and the modem signal transmission 
40 service. The mobile station MS comprises the terminal interface unit TERM-INT corresponding to all the services on 
ADP (adapter). First of all, the construction of the network in each service will be described with reference to Figs. 58 
through 61. In these drawings, MS CODEC in the mobile station MS indicates the voice CODEC, MS core indicates the 
functions other than ADP of the mobile station MS, and BTS indicates a base station. 

[0212] Fig. 58 is a block diagram showing the logical constitution of the network in the voice service. In the voice com- 
45 munication according to the constitution shown in Fig. 58, a calling from the handset is transferred to the destination TE 
(terminal equipment) via the MS core, the base station BS, the switching center and the public switched telephone net- 
work (PSTN). In the case where the destination is a mobile station MS, the calling from the handset is transferred to the 
handset of the destination mobile station via the MS core, the base station BS, the switching center and another base 
station. The terminal interface unit TERM-INT is adapted such that both forward and reverse signal speed between it 
so and the MS core is a speed corresponding to a peak speed that is determined for both forward and reverse directions 
in the voice communication service. When there is a possibility that the signal speed exceeds the speed corresponding 
to the peak speed, speed alignment by buffering is carried out The speed corresponding to the peak speed means the 
transmission speed before the CODEC processing which takes into consideration a reduction in redundancy by 
CODEC. In the case where the buffer overflows, the signal for the overflow is quashed. 
55 [0213] Fig. 59 is a block diagram showing the logical constitution of the network in a unrestricted digital signal trans- 
mission service. In the unrestricted digital signal transmission according to the constitution shown in Fig. 59, the calling 
from a TE is transferred to the destination TE via the ADP, the MS core, the base station BS, the switching center and 
the public network (ISDN). In the case where the destination TE is connected to a mobile station, the calling from the 
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TE is transferred to the destination TE through the ADR the MS core, the base station BS, the switching center, another 
base station, and the MS core and ADP of another mobile station. The terminal interface unit TERM-INT is adapted 
such that both forward and reverse signal speed in the interface between the ADP and MS core is a speed correspond- 
ing to a peak speed that is determined for both forward and reverse directions in the unrestricted digital signal transmis- 

5 sion service. When there is a possibility that the signal speed exceeds the speed corresponding to the peak speed, 
speed alignment by the buffering is carried out. In the case where the buffer overflows, the signal for the overflow is 
quashed, as in the same manner as in the voice communication service. The ADP is made such that it is able to trans- 
mit and distinguish a signal while the order of a plurality of 6B-ch is maintained in between the external interface unit 
and the SPU at the time of the bulk transmission. Furthermore, in the signal processing unit in the ADP, the signal speed 

t o between the MS core is set to become a speed corresponding to the peak speed that is set up for both the forward and 
reverse. The speed corresponding to the peak speed" is the speed which takes into consideration redundancy part by 
FEC etc. For example, in the case where a FEC is carried out by half rate, a speed which is 2-fold greater than the peak 
speed that is set up in the external interface unit must to be secured as "the speed corresponding to peak speed." 
[0214] Fig. 60 is a block diagram showing the logical constitution of the network in a packet signal transmission serv- 

15 ice. In the packet signal transmission according to the constitution shown in Fig. 60, the IP packet from the TE and ADP 
is transmitted to the TE of the destination side on the Internet via the mobile station MS, the base station BS, the switch- 
ing center and the Internet In the case where the TE of the destination side is connected to a mobile station, the IP 
packet from the TE and ADP is transmitted to the TE and ADP of the destination side through the mobile station MS, 
the base station BS, the switching center, (another) base station and other mobile station. In this embodiment, a LAN 

20 that is forming the Internet is also a part of the Internet. The terminal interface unit TERM-INT is adapted such that both 
forward and reverse signal speed at the interface output on the NW (network) side between the MS core and the termi- 
nal interface unit TERM-INT is a peak speed that is determined for both forward and reverse directions in the packet 
signal transmission service. In the case where there is a possibility that the signal speed exceeds the peak speed, 
speed alignment by buffering is carried out In the case where the buffer overflows, the signal for the overflow is 

25 quashed. In the signal processing unit of ADP, the signal speed between the MS core is set to become a speed corre- 
sponding to the peak speed that is set for both the reverse and forward. The speed corresponding to the peak speed" 
is the speed that takes into consideration the redundancy part by FEC etc.. Furthermore, in this embodiment, "peak 
speed" is set before communication by control unit MS-CNT, and the initial value is 64 kbps for both forward and reverse 
directions. Tne release of the caii condition (CC) is carried out according to an indication from the swiiching center side 

30 which has detected that the time duration during which an IP packet was neither transmitted nor received has exceeded 
the time value described below. Alternatively, the release of the call condition is carried out according to a control com- 
mand (for example AT command) from the TE based on the will of the user. The transmission and the reception state 
may be observed in the ADP of the mobile station MS. 

[0215] Fig. 61 is a block diagram showing the logical constitution of the network in a modem signal transmission serv- 
35 ice. In the modem signal transmission according to the constitution shown in Fig. 61, the calling from the TE is trans- 
ferred to the destination TE via the ADR the MS core, the base station BS, the switching center, the modem, the public 
switching telephone network and other modem. In the case where the destination is a mobile station, the calling from 
the TE is transferred to the destination TE via the ADP, the MS core, the base station BS, the switching center, another 
base station and another mobile station. The terminal interface unit TERM-INT is adapted such that forward and 
40 reverse signal speed between it and the MS core is a peak speed that is determined for both forward and reverse direc- 
tions in the modem signal transmission service. In the case where there is a possibility that the signal speed exceeds 
the peak speed, speed alignment by buffering is earned out In the case where the buffer overflows, the signal for the 
overflow is quashed. The signal speed between the signal processing unit in the ADP and the MS core is set to become 
a speed corresponding to the peak speed that is set for both the forward and reverse. 
45 [021 6] The conditions which the ADP of the mobile station MS is satisfying in order to realize the four types of services 
described above will be described in detail for each service. Note that the interface that is provided to ADP includes the 
interface of the TE side and the interface of the MS core side, so that the items will be described for each interface. 
Since there is no difference in each of the 4 types of services, the interface of the MS core side will be described in com- 
mon for all the service. 

50 

P-11-2; Interface of T5 side 
B-1 1-2-1: Interface for voice communication 
55 P-1 1-2-M; Overview 

[0217] Fig. 62 is a diagram showing each protocol stack for voice communication of C-Plane (control plane) and U- 
Plane (user plane) in the TE side interface of the ADP in the mobile station MS. In this figure, each stack is arranged to 
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the location that corresponds with each portion of the mobile station MS. As described above, in this embodiment, 
CODEC (voice CODEC) is realized on the ADR 

[0218] As clear from Fig. 62, data transmitted by U-Plane is an analog voice data, and data related to other HMI 
(Human Machine Interface) is transmitted by C-Plane. In this figure and each figure that is described later, each of L1 v 

5 L2, L3, ... designates layer 1, layer 2, layer 3, ... of the OSI reference model. As shown in Fig. 62, although L1b-C and 
L2b-C are formulated in the C-Plane in this embodiment, a design is also acceptable in which data is not transmitted 
and received between the TE and the C-Plane by deleting these L1b-C and L2b-C. Although HMI is provided on the 
mobile station MS in this embodiment, HMI may be provided on an external handset Although a microphone and a loud 
speaker are provided on the mobile station MS in this embodiment the microphone and the loud speaker may be pro- 

w vided to only an external handset, and the L2b-U may be removed. 

P-1 1-2-1-2; HMI (Human Machine Interface) 

[0219] HMI is provided to carry out basic operations of the mobile station MS such as call origination, incoming call 
15 acceptance, and so on, and is realized as an operating unit and a display unit A keypad for calling and answering and 
a display that can display simple information, are prepared on the mobile station MS. The mounting site therefor is on 
the mobile station MS or on an externally attached handset 

B-11-2-1-3: Voice coding method 

20 

[0220] Next the coding method in the voice coding unit 72 will be described. 
B-1 1-2-1 -3-1: Voice coding 

25 [0221] The voice coding algorithm of the voice CODEC in this embodiment conforms to ITU-T recommendation G. 
729 (8 kbps CS-ACELP). Regarding the mobile station MS, another coding method may be added, and each method 
may be used by switching. 

B-1 1-2-1 -3-2: Channel coding 

30 

[0222] In this embodiment in the case where an ITU-T recommendation G. 729 (CS-ACELP) is used for the voice 
coding algorithm, a signal is transmitted after the channel coding described below is performed, to protect coding data 
from an error in the channel. 

[0223] In this embodiment two types of error control methods for protecting coding data are prescribed: error control 
35 method 1 in which a CRC is added on the transmission side and only error detection based on this is performed, and 
error control method 2 in which error correction using co involutional coding is combined with an error detection by CRC. 
It is acceptable that the mobile station MS be able to use only error control method 1, or that the mobile station MS be 
able to use two types of error control methods by switching between the error control method 1 and the error control 
method 2 as in the case of the mobile station MS in this embodiment. 

40 

(1) Error control method 1 (in case of transmission) 

[0224] Fig. 63 shows the processing outline for voice CODEC. As shown in Fig. 63, in the error control method 1 , CRC 
of eight bits is obtained from generating polynomial expression (16) below by using the 40 bits subject to protection 
45 shown in Table 17 among 80 bits of the coded voice data of one frame part (10ms) which is output from CS-ACELP 
(CODER). This 8 bits CRC is transmitted by combining with the coded voice data of one frame, so that the total trans- 
mission bit rate as voice data becomes 8.8 kbps. 

G(X) = X 8 +X 7 +X 4 +X 3 +X+1 (16) 

50 



55 
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Table 17 



Itemization of bits subject to protection in data for CS^ACELPone frame part 


Parameter 


All bit number 


Number of bits subject to 
protection 


LSP flag (LO) 


1 


4 

I 


LSP first layer (L1) 


7 


7 


LSP second layer upper (L2) 


5 


e 
0 


LSP second layer lower (L3) 


5 


0 


First sub frame LAG (PI) 


Q 

o 


Q 
O 


Parity (PO) 


1 


1 


First sub frame CODE (C1.S1) 


17 


0 


First sub frame GAIN (GA1.GB1) 


7 


7 


Second sub frame LAG (P2) 


5 


Upper 4 


Second sub frame CODE (C2.S2) 


17 


0 


Second sub frame GAIN (GA2.GB2) 


7 


7 


Total 


80 


40 



[0225] In Table 17, the terms inside of brackets in the parameter column are equivalent to the notations in the ITU-T 
recommendation G. 729. 

30 (2) Error control method 2 fin case of transmission) 

[0226] As shown in Fig. 63, in the aforementioned error control method 2, first CRC of eight bits is obtained from the 
same generating polynomial expression (16) as in error control method 1 by using the 40 bits subject to protection 
shown in Table 17 from among 80 bits of the coded voice data of one frame part (10 ms) which is output from CS- 
35 ACELP. Next, 6 bits of tail bit is added to the 48 bits which result when the CRC of 8 bits is added to 40 bits subject to 
protection, and convolutional coding is carried out The convolutional coding device takes as conditions a rate of 1/2 and 
an arresting length of 7, and uses generating polynomial expressions (17), (18). Finally, the result of the convolutional 
coding and the coded voice data excluding that subject to protection are combined, and are transmitted after frame 
inner interleaving (8x19). Thus, the total transmission bit rate of the voice data becomes 14.8kbps. 

40 

G1(D)=1+D 2 +D 3 +D 5 +D 6 (17) 
G2(D) = 1 +D+D 2 +D 3 +D 6 (18) 

45 B-1 1-2-1-3-3: Channel decoding 

[0227] The decoding processing for the error detection code or the error correction code corresponding to the error 
control methods 1 , 2 performed on the transmission side is carried out on the reception side. 

so m Error control method 1 fin case of reception) 

[0228] When processing of the error control method 1 is carried out on the transmission side, a CRC code series of 
8 bits is obtained from data from which the CRC of 8 bits that was added on the transmission side has been excluded, 
by using the aforementioned generating polynomial expression (1 6), after the voice data of one frame part is received. 
55 The CRC code series and the CRC bit series which have been added on the transmission side are compared, and a 
frame in which both bit series do not accord is recognized as an error frame. 
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(2) Error control method 2 (in case of reception) 

[0229] When the processing of the error control method 2 is carried out on the transmission side, on the receiving 
side, first the de-Interleaving processing is carried out after the voice data of one frame part is received. Next, the error 
5 correction decoding is carried out to bit series on which convolution^ coding had been performed. In order to carry out 
effective error correction decoding, a Viterbl algorithm or a decoding method having a capacity equal thereto is used. 
After this error correction processing, the CRC bit series are compared by the same method as in the case of error con- 
trol method 1 , and the frame in which both bit series do not accord is recognized as an error frame. 

10 B-1 1-2-1 -3-4: Error frame interpolating 

[0230] It is desirable to carry out the interpolation processing on the error frame, in order to improve the decoded voice 
quality when a coding error has occurred. The specific interpolation process is optional. Although decoded voice quality 
is not prescribed, it should be of a quality which does not present a problem with respect to hearing. In this embodiment, 
75 in the case where an interpolation processing function is included, it is possible to switch between the state where inter- 
polation operation is enabled and the state where it is disenabled by the setting of maintenance terminal (MT). 

B-1 1-2-1-3-5: Voice decoding 

20 [0231] Next, the decoding method in the voice decoding unit 70 will be described. The voice decoding algorithm used 
as the standard in this embodiment, conforms to ITU-T recommendation G. 729 (8 kbps CS-ACELP). However, in the 
mobile station MS, in the case where a coding method other than the aforementioned methods is added, the decoding 
method corresponding to the coding method is installed. 

25 B-1 1-2-1-4: VOX control 

[0232] In this embodiment, the base station BS and the mobile station MS have the VOX function which controls on/off 
of TCH transmission according to the existence of the transmission voice during the voice communication. It is possible 
to change whether or not, the VOX control exists optionally by the setting by MT etc. The VOX control in the case that 
30 G.729 8kbps CS-ACELP is used as voice coding algorithm will be described below. 

B-1 1-2-1 -4-1: Voice presence/silence decision 

[0233] The voice CODEC in this embodiment carries out the voice presence/silence decision during voice communk 
35 cation, and outputs the coded voice data when the voice presents, or terminates the output of the coded data except 
for the periodical output of background noise information, that will be described later, when voice does not present 
Although the specific voice presence/silence decision algorithm is optional, a structure is employed in the mobile station 
MS in this embodiment that enables the threshold value for the voice presence/silence decision to be changed by set- 
ting by MT etc. 



40 



B-1 1-2-1-4-2: Radio transmission processing 



[0234] The mobile station MS detects the silence state in the voice CODEC during voice communication. When the 
mobile station MS terminates the output of the coded data with the exception of during transmission of background 

45 noise information, the mobile station MS transmits only the pilot symbol and the ACCH part while it terminates the trans- 
mission of the TCH part in the radio physical channel for the voice transmission. The controls during switchover from 
the voice presence to the silence state, during the silence state, and during switchover from the silence to voice pres- 
ence state will be explained below with reference to Fig. 64. Fig. 64 shows the transmission timing of the preamble and 
post amble signal. Fig. 64 shows the cases where (i) from voice presence to silence, (ii) during silence, (iii) from silence 

so to voice presence. In Fig. 64, the same reference number is added to each corresponding frame of 10 ms and output 
of the encoder. 

m Transition from voice present state to voice silent state 

55 [0235] In the case of transition from a voice present state to a voice silent state, the encoder side of the voice CODEC 
provides notification in advance of the termination of TCH transmission suspension by the post-amble when silence is 
detected in the voice present state. The encoder suspends the transmission after the background noise information is 
transmitted following the post-amble. In the example in Fig. 64, a "voice present" decision results for the transmission 



35 



EP 0 977 393 A1 

timing of the first to second frame of 10ms, and a "voice silent" decision results for the transmission timing of the third 
to sixth frame of 10ms. Thus, the output of the encoder becomes the coded voice 0-2 in the transmission timing of the 
first to third frame of 10ms f becomes the post-amble in the transmission timing of the fourth frame of 10ms, becomes 
the coding noise (background noise information) in the transmission timing of the fifth frame of 10ms, and then termi- 
5 nates in the transmission timing of the sixth frame of 1 0rrisT 

When the decoder side of the voice CODEC detects the transmission termination of TCH by receiving the post-amble, 
it enters into the background noise generation processing, and carries out interpolation processing for the frame that 
received with the post-amble, 

10 

(2) Continuing silent state 

[0236] In the continuing silent state, the encoder side periodically carries out the coding of the background noise, and 
transmits this coded background noise. When transmitting the background noise information, the encoder side trans- 
15 mits the post-amble prior to the background noise information. The transmission interval can be set by using a param- 
eter, and the initial value of the parameter is 1 second. In the example of Fig. 64, the result of the voice existence 
decision is "silent" in the transmission timing of each frame of 10ms. Accordingly, an operation is repeated in which the 
encoder continuously outputs the post-amble (10ms) and the coded noise (10ms), and, after doing so, then terminates 
the transmission for 980ms. 

20 [0237] Furthermore, the decoder side renews the generated background noise by using the background noise infor- 
mation which is transmitted periodically in the continuing silent state. 

(31 Transition from voice silent state to voice present state 

25 [0238] In the case of transition from a voice silent state to a voice present state, the encoder side provides notice in 
advance of the TCH transmission start by the preamble when the voice is detected in the silent state. The encoder side 
starts the transmission of the regular coded voice data after the preamble. In the example of Fig. 64, the result of the 
voice present/silent decision becomes "silent" in the transmission timing of the first to third frame of 1 0ms, and becomes 
'Voice present" in the transmission iiming of the fourth and fifth frame of 10ms. Thus, the output of the encoder stops at 

30 the transmission timing of the first to the third frame of 10ms, becomes the preamble in the transmission timing of the 
fourth frame of 10ms, and becomes the coded voices 4 - 5 in the transmission timing of the fifth and sixth frames of 
10ms. 

[0239] When the decoder side detects a TCH transmission start by receiving of the preamble in the continuing silent 
state, it stops the background noise generation from next frame of the preamble, and performs regular voice decoding 
35 operations. 

[0240] An example of the unique word pattern of the preamble and post-amble signals is shown in Table 18. Table 
* 18a shows a unique word pattern of the preamble for 8.8 kbps, 18b shows a unique word pattern of the preamble for 

14.8kbps, 18c shows a unique word pattern of the post-amble for 8.8 kbps, and 18d shows a unique word pattern of the 

post-amble for 14.8 kbps. The preamble and post-amble signals are transmitted without being subject to channel cod- 
40 ing. The unique word pattern must be a pattern such that speech CODEC does not incorrectly recognize the unique 

word as a voice. The patterns shown in Table 18 are preferred examples. 
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Table 18 



5 


Examples of unique word patterns 
a. Preamble (for 8.8 kbps) 
Transmission order -> 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


10 


0 


0 


0 


0 


0. 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


























15 


b. Preamble (for 14.8 kbps) 
Transmission order -> 




1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


1 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


20 


0 


0 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 






25 


c. Post-amble (for 8.8 kbps) 
Transmission order -> 




1 


1 


1 


1 


1 


1 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




1 


1 


1 


1 


1 


1 




1 


1 


1 


1 


1 


1 


1 


1 


0 


0 


0 


1 


0 


0 


0 


1 


1 


1 


30 


1 


1 


1 


1 


1. 


1 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




1 


1 


1 


1 


1 


1 




1 


1 


1 


1 


1 


1 




























d. Post-amble (for 14.8 kbps) 
Transmission order -> 


35 


1 


0 


0 


1 


1 


1 




1 


1 


1 


1 


1 


0 


0 


1 


1 








1 


1 


0 






1 




1 


1 


1 


1 


1 


1 




0 


1 


1 


1 


1 


1 




0 


1 








1 


1 








1 




0 


1 


1 


1 


1 


1 




1 


1 


1 


1 


1 


1 




1 


1 








1 


1 








1 


40 


1 


0 


0 


0 


1 


1 




1 


1 


1 


1 


1 


1 




1 


1 








0 


0 








1 




1 


1 


1 


1 


1 


1 


0 


1 


1 


1 


1 


1 


0 




0 


1 








1 


1 








0 




1 


1 


1 


1 


1 


1 


1 


0 


1 


1 


1 


1 


1 




1 


■1 ■ 








T 


1 











45 B-1 1-2-1 -4-3: Background noise 

[0241] The background noise of one frame part coded by the encoder is used as the background noise. The back- 
ground noise in the decoder is generated by using the received background noise information. The specific generation 
method is optional. Whether or not there is background noise generation in the decoder can be changed by the setting 
so of MT etc. 



B-1 1-2-2: Interface for unrestricted digital signal transmission 

[0242] The TE side interface for unrestricted digital signal transmission connects the mobile station MS and the ter- 
55 minal for ISDN. This interface is mounted on the body in the mobile station MS, and may also be mounted on an exter- 
nally attached ADP. Fig. 65 shows each protocol stack for a unrestricted digital signal transmission-of C-Plane (Control 
Plane) and U-Plane (User Plant) in TE side interface of the ADP of the mobile station MS. In this figure and subsequent 
figures showing the protocol stack, each stack is shown arranged at a site that corresponds with each unit and TE in 
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the mobile station MS. 

[0243] As clear from Fig. 65, the ADP comprises one or more interfaces (basic interface(s)) satisfying ITU-T recom- 
mendation I.430 and one or more interfaces (first group speed interface(s)) conforming to ITU-T recommendation 1.431 . 
In this embodiment, the ADP comprises two ITU-T recommendation I.430 conforming interfaces and one ITU-T recom- 
5 mendation 1. 431 conforming interface. Thus, in this embodiment a maximum of two callings can be treated simultane- 
ously when the ITU-T recommendation I. 430 conforming interface is used, while a maximum of six callings can be 
treated simultaneously when the ITU-T recommendation 1. 431 conforming interface is used. However, it is also accept- 
able to provide only one of either the ITU-T recommendation 1. 430 conforming interface or the ITU-T recommendation 
I. 431 conforming interface, or to provide neither of the interfaces. 

10 

1-2-3: Interface for packet s ignal transmission 
B-1 1-2-3-1: Physical interface 

is [0244] The mobile station MS has an interface (interface for outside data terminal) on ADP for connecting an outside 
data terminal such as a PC (personal computer) etc. for the packet signal transmission. The number of interfaces for 
outside data terminals which are mounted on the mobile station MS is optional. Furthermore, the interface may be 
mounted to an externally attached ADP. As the interface for the outside data terminal, it is possible to use any interface 
or combination of interfaces such as an interface like RS-232C that can connect easily to commercially available PCs 

20 etc., an infrared interface that can connect directly to an outside terminal, or connect with wireless though a predeter- 
mined interface adapter, or an Ethernet interface that can carry out high speed data transfer of 128kbps or more. 
[0245] This embodiment employs Ir-DA ver. 1.1 which enables a higher speed data transfer, and not Ir-DA ver. 1.0, 
for the infrared interface. Easy to handle 10 Base-T is adopted to the Ethernet interface in this embodiment 

25 B-1 1-2-3-2: PPP dial up connection 

[0246] Fig. 66 is a block diagram showing each protocol stack for packet signal transmission under a PPP dial up con- 
nection environment of the C-Plane and U-Plane on the TE side interface of ADP in the mobile station MS. 
[0247] As clear from Fig. 66, in packet signal transmission under a PPP dial up connection environment, the PPP is 

30 provided at 12 of ADP. In this embodiment the protocol field value that is permitted with the PPP of L2 is only the IP- 
related protocol and the protocol (the LCP, IPCP etc.) that is used to control between links. A PPP frame having other 
protocol field values is quashed in the ADP. In this embodiment the LCP setting options ACCM, RFC and ACFC can 
be set by request from the TE side. The presence or absence of Van Jacobson TCP/IP header compression (RFC1 1 44) 
from the MT can be set up for IP-Compression-Protocol in the IPCP setting options. Even in the case where a static IP 

35 address is assigned to TE, a setting which enables communication is possible. 

[0248] In the C-Plane, the transmission protocol of a signal conforming to Hayes-AT is provided at L3 of ADP. 
[0249] In the U-Plane, the ADP is set to transmit/receive only the information field in the PPP frame between LAC-Us. 
Note that the ADP does not thaw for the IP packet of which TCP/IP header has compressed by TE. 

40 B-1 1-2-3-3: Ethernet connection 

[0250] Fig. 67 is a diagram showing each protocol stack for the packet signal transmission under an Ethernet connec- 
tion environment of the C-Plane and U-Plane on the TE side interface of the ADP in the mobile station MS. 
[0251] As clear from Fig. 67, in packet signal transmission under an Ethernet connection environment DIX is provided 
45 at L2 of ADP. in the C-Plane, DIX is designed such that the MT notifies ADP of the called party number of the destina- 
tion. DIX is constructed to issue a call attempt command that is for the pre-designated destination having the called 
party number to the CNC when the IP packet from the TE is received on the U-Plane in reception stand-by state. DIX 
quashes the IP packet from the buffer in the case where the calling fails. Furthermore, when calling to the switching 
center is released On case of normal/semi-normal), DIX views this as a failure compulsorily and does not carry out call- 
so ing processing for calling to the switching center side during Tccblk [s] since release processing is completed. This is 
to avoid the situation in which calling to the switching center side occurs frequently. Note that in this embodiment Tccblk 
can be optionally set within a predetermined range (for example, 0 [s]-3600 [s]) by control unit MS-CNT. 
[0252] In the U-Plane, DIX supports ARP (refer to RFC826), and provides a proxy response of the hardware address 
of its own ADP to all ARP requests. In other words, the ARP packet is not transmitted to network side. The IP address 
55 is not added to the ADP. In DIX, the hardware address of the TE is stored to memory in its own ADP when the Ethernet 
frame from the TE is received. DIX constructs the Ethernet frame from the IP packet and the TE/ADP hardware address 
that is known from the network side, and transmits the Ethernet frame to the TE. Furthermore, in the case where a pad- 
ding Ethernet frame is received from the TE side, only the IP packet part excluding the padding part is delivered to LAC- 
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U. When the length of the IP packet from the MS core side is short, the Ethernet frame is constructed by carrying out 
the padding processing, and is transmitted to the TE. In the case where the forward IP packet to be transmitted is 
presents in the ADP and the hardware address of the TE is unknown, DIX transmits an ARP request to the TE. In the 
case where the hardware address of the TE is obtained from the ARP response that is obtained as the result of the ARP 
request DIX transmits the forward IP packet by capsuling the forward IP packet to be transmitted in the Ethernet frame. 
When there is no ARP response from the TE, DIX quashes the IP packet In this embodiment only IP and ARP are per- 
mitted as the type field value in the Ethernet frame. When an Ethernet frame of a type field value other than IP and ARP 
is received, the frame is quashed. 

B-1 1-2-4: Interface for modem signal transmission 

[0253] Fig. 68 shows each protocol stack for the modem signal transmission of C-Plane and U-Plane in TE side inter- 
face of the ADP in the mobile station MS. As clear from Fig. 68, ADP complies with a Hayes-AT conforming protocol. 
The contents of L2b-C and L2b-U are the items which should be designed as appropriate. 

B-1 1-3: Interface of MS core side 

B-1 1-3-1 :C-Plane 

P-1 1-3-1-1; Overview 

[0254] Fig. 69 shows an example of connection between a plurality of terminal interface units TERM-INT and the MS 
core in the C-Plane. As shown in Fig. 69, the MS core is able to connect to a plurality of terminal interface units TERM- 
INT through a bus. independent identification information TEmID (which may also be written as TEm#) is added to each 
terminal interface unit TERM-INT. A plurality of function blocs such as CNC, SYC and etc. exist in the MS core, and a 
unique Function ID (Function #) is added to each block. TLP canies out link control that employs the TEmID and Func- 
tion ID. The link control includes the management (adding of dynamic ID) of TEmID and the monitoring of connection 
with the terminal interface unit TERM-INT. 

B-H-3-1-2:Lla-C 

[0255] Lla-C shown in Fig. 69 is a physical interface for transmitting data that is on the C-Plane between the MS core 
and the terminal interface unit TERM-INT, and satisfies the following conditions. 

(1) Condition 1; A plurality of terminal interface units TERM-TNT can be connected to the MS core. It is possible to 
realize communication between terminal interface units TERM-INT, and communication between any of the termi- 
nal interface units TERM-INT and the MS core. 

(2) Condition 2: It is possible to monitor all communications described above in MX 

(3) Condition 3: The terminal interface unit TERM-INT side can detect that the terminal interface unit TERM-INT is 
connected to the MS core, and this information can be notified to the TLP (Terminal Link Protocol) of the terminal 
interface unit TERM-INT. 

(4) Conditipn 4; The transmission of TLP frame units can be carried out in an asynchronous transmission. 
B-1 1-3-1-3: Detection concept of terminal interface unit connection 

[0256] Fig. 70 shows the detection concept of the terminal interface unit TERM-INT connection, and Figs. 71 and 72 
show flowcharts of the detection processing. As shown in these figures, when a new terminal interface unit TERM-INT 
is connected, a assignment request of the TEmID and a notification signal of the connection is transmitted from the ter- 
minal interface unit TERM-INT to the MS core side. The release of the terminal interface unit TERM-INT is observed 
periodically by the MS core. 

P-1 1-3-1-4; TLP 

[0257] The TLP (Terminal Link Protocol) is a L2 protocol for connecting a plurality of terminal interface units TERM- 
INT to an MS core. The TLP is formulated for the purpose of discriminating between a plurality of terminal interface units 
TERM-INT which are connected to an MS core, and enabling communication between the terminal interface unit 
TERM-INT and an MS core (function block), a terminal interface unit TERM-INT and a terminal interface unit TERM- 
INT, and an MS core (function block) and an MS core (function block). In this embodiment, ft is impossible to realize 
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communication between a terminal interface unit TERM-INT and a terminal interface unit TERM-INT, and between each 
function block. However, the TLP itself is designed to enable the above communication, and is made so that it can 
expand easily. 

5 B-1 1-3-1-5: Layer 3 (CNC SYC) 

[0258] Fig. 73 shows the details of the protocol stack. CNC and SYC will be described below. 

(1) CNC 

10 

[0259] CNC (Call Connection Control) is a layer 3 protocol between an MS core and a terminal interface unit TERM- 
INT for carrying out calling control. CNC is formulated for the purpose of providing the different calling control protocol 
(for example, Hayes-AT or ITU-T recommendation Q.931) for each service that is connected to the terminal interface 
unit TERM-INT as the common procedure to the MS core, reducing the load of on the MS core, and providing expand- 
15 ability. 

[0260] At the calling origination, the terminal interface unit TERM-INT that received the calling request from the TE 
transforms the calling request to the calling set request message of the CNC protocol, and notifies this to the CNC 
Function of the MS core. The MS core that received the calling set request message starts the calling origination 
processing in the radio section. At the incoming call acceptance, the terminal interface unit TERM-INT starts the incom- 
20 ing call acceptance processing when it receives the calling set display message of the CNC protocol that is transmitted 
from the MS core which received the incoming call acceptance request in the radio section. The calling set display mes- 
sage is notified to all the terminal interface units TERM-INT that are capable of the reception. 

( 2) SYC 

25 

[0261] SYC (System Control) is a layer 3 protocol between an MS core and a terminal interface unit TERM-INT for 
carrying out the radio control. SYS is formulated for the purpose of notifying information regarding the radio control of 
the reception signal level etc, which is detected by the MS core, to the terminal interface unit TERM-INT. Furthermore, 
although it is not realized in this embodiment, ihe coniroi request may be able to be transmitted from the terminal inter- 
30 face unit TERM-INT to the MS core. 

[0262] MS core that detected the reception signal level of the perch channel and information concerning channel qual- 
ity etc., notifies this information to the terminal interface unit TERM-INT by SYC protocol. The terminal interface unit 
TERM-INT that receives this information can notify this information to the TE with the layer 3 protocol according to the 
TE that is connected thereto. 

35 

- B-1 1-3-2: U-Plane 
B-1 1-3-2-1: Overview 

40 [0263] Fig. 74 shows an example of connection constitutions for a plurality of terminal interface units TERM-INT and 
the MS core in U-Plane. As shown in Fig. 74, the MS core can connect to a plurality of terminal interface units TERM- 
INT through a bus. 

B-1 1-3-2-2: Lla-U 

45 

[0264] The Lla-U shown in Fig. 74 is a physical interface for transmitting user data (U-Piane) between the MS core 
and the terminal interface unit TERM-INT, and satisfies the following conditions. 

(1^ Condition 1: A plurality of terminal interface units TERM-INT can connect to the MS core. It is possible to realize 
50 communication between each terminal interface unit TERM-INT, and communication between the terminal inter- 
face unit TERM-INT and the MS core. 

{2S Condition 2: Synchronous transmission can be carried out in the transmission procedure of the voice commu- 
nication service or the unrestricted digital communication service. 

(31 Condition 3: A plurality of terminal interface units TERM-INT is connected to the MS core. Since it is possible 
55 that these may be used simultaneously (multi-call), a plurality of U-Plane buses is provided between the MS core 
and the terminal interface unit TERM-INT, and the L1 a-U of the terminal interface unit TERM-INT has the capability 
to select one U-Plane designated from among the plurality of U-Planes. 
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[0265] The arrangement for selection control of the U-Plane is shown in Figure 75. CC number (CC #) is added to a 
plurality of U-Planes by the MS core. The terminal interface unit TERM-INT (CNC of C-PIane) receives a command from 
the MS core (CNC of the C-PIane), and selects the U-Piane in actuality. 

B-1 1-3-2-3: LAC-U 

B-1 1-3-2-3-1 : Overview 

[0266] In this embodiment, the protocol (LAC-U) that extends and modifies the ITU-T recommendation Q. 2110 
(SSCOP) is used in the U-Plane of layer 2 of the radio interface. In LAC-U, the embodiment is different from standard 
SSCOP in the PDU format and parameter in the error control sublayer. 

[0267] The maximum length of the PDU in the U-Plane is 1 6 - 4096 bytes (variable by 1 6 byte units) on the transmis- 
sion side, and is 4096 bytes on the receiving side. The maximum length of the PDU on the receiving side is inevitably 
determined according to the upper limit value of the maximum length of the PDU on the transmission side. All of the 
octets including the PDU Type field are moved to the last octet of the PDU to facilitate analysis. Furthermore, the bit 
length of the PDU Type field is changed to 5 bits according to the addition of SDwithPOLL PDU. Note that while the use 
of SDwithPOLL PDU in U-Plane is not realized in this embodiment, the format of the PDU is common to the C-PIane in 
consideration of future extension. 

B-1 1-3-2-3-2: Frame constitution 

[0268] The frame constitution of LAC-U is shown in Fig. 76. As shown in Fig. 76, LAC-U consists of a layer-3-conver- 
gence sublayer and an error control sublayer. The LAC-U (Link Access Control for U-Piane) shown in Fig. 76 transmits 
a variable length service data unit (SDU) with high reliability between layer 2 users. The layer-3-convergence sublayer 
carries out segmentation/reassembly of the PDU, and performs iayer-3-convergence of the layer 3 PDU and the primi- 
tive/parameter mapping for layer 3 and LAC-U. The error control sublayer provides a high reliability transfer function that 
uses the functions of error control, flow control, and so on. 

B-1 1-3-2-3-3: Functions 

B-1 1-3-2-3-3-1 : Functions of laver-3-converaence sublayer 

[0269] The layer-3- convergence sublayer has functions described below. 

(1) Segmentation/reassembly function of the layer 3 PDU 

(2) Link control function 

(3) Code type identification function 

[0270] (1 ) The segmentation/reassembiy function of the layer 3 PDU is a function that segments/reassemblies a layer 
3 PDU intotfrom layer-3- convergence PDUs. (2) The link control function is a function that specifies the layer 3 entity 
which processes the SDU of LAC-U in accordance with SAPI. (3) The code type identification function is a function that 
identifies the code type when a hybrid ARQ is adapted 

B-1 1-3-2-3-3-2: Function of error control sublayer 

[0271] The error control sublayer has the functions described below. 

(1) Transfer order alignment function (function that aligns the order of LAC-U SDU that is transferred by this layer). 

(2) Error correction function by selective retransmission (by numbering, the receiving LAC-U entity can detect the 
LAC-U SDU that is not received. This function corrects detected sequence error by retransmission.). 

(3) Flow control function (function that enables the LAC-U receiving sides to control the speed at which information 
can be transmitted by the peer entities on the LAC-U transmission side). 

(4) Function to notify layer management of error (function that notifies the layer management of an error occurrence 
when an error is generated). 

(5) Keep alive function (function that confirms that two peer LAC-U entities that forms a connection are maintained 
in a link connection state even when there has been no data transfer for a long time). 
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(6) Local data recovery function (function that makes it possible for the local LAC-U user to recover the continuous 
SDU that has not been released yet from the LAC-U entities). 

(7) Connection control function (function that carries out the setting, release and resynchronization of the LAC-U 
connections. This function enables information transfer between users of variable length without delivery guaran- 
tee). 

(8) User data transfer function (function used in user data transfer between LAC-U users. This function supports 
either confirmation type data transmission or non-confirmation type data transmission). 

(9) Protocol error detection/recovering function (function to detect/recover the error in the protocol). 

(10) State notice function (function that enables the peer entities of the calling side and called side to carry out the 
exchange of condition information). 

R-1 1-3-2-3-4: Primitive 

B-1 1-3-2.3-4-1: List 

[0272] Next, the primitives that are used in the layer 2 protocol, and the parameters that are used for each primitive, 
are shown in Table 19. In Table 19, "-" in the boxes means that parameters do not exist or are undefined for the primitive. 



Table 19 



Parameters used by layer 2 primitive and each primitive 


Primitive 


Type 




Request 


Indication 


Response 


Confirmation 


AA-ESTABLISH 


LAC-UU BR 


LAC-UU 


LAC-UU BR 


LAC-UU 


AA-RELEASE 


LAC-U U 


LAC-UU 
Source 






AA-DATA 


MU 


MU 
SN 






AA-RESYNC 


LAC-UU 


LAC-UU 






AA-RECOVER 










AA- UNITDATA 


MU 


MU 






AA-RETRIEVE 


RN 


MU 






AA-RETRIEVE 
COMPLETE 










MAA-ERROR 




Code Count 






MAA-U N FTDATA 


MU 


MU 







B-1 1-3-2-3-4-2: Definitio n of primitives 

[0273] The definition of the primitives shown in Table 19 will be described as follows. 

(1) AA-ESTABLISH: Used in the setting of the point-to-point connection for confirmation type information transfer 
between two peer user entities. 

(2) AA-RELEASE: Used in the termination of the point-to-point connection of confirmation type information transfer 
between peer user entities. 

(3) AA-DATA: Used in confirmation type point-to-point transfer of LAC-U SDU between peer user entities. 

(4) AA-RESYNC: Used in the re-synchronous setting of LAC-U connection. 

(5) AA-RECOVER: Used during the interval from protocol error to recovery. 

(6) AA-UNITDATA: Used in the broadcast type transfer and the point-to-point transfer of non-confirmation type of 
SDU between peer user entities. 
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(7) AA-RETRIEVE: Used in the recovery of SDU that is not released from the transmission side yet but is being 
committed from a user to transmit 

(8) AA-RETRIEVE COMPLETE: Used to provide notice that the SDU which is to be returned to the LAC-U user has 

disappeared. . 

(9) MAA-ERROR: Used to provide notice to the layer management of particular events or an error in the LAC-U pro- 
tocol. 

(10) MAA-UNITDATA: Used in the broadcast type of non-confirmation type and the point-to-point transfer between 
LAC-U and the peer layer management entity. 

B-1 1-3-2-3-4-3: Definition of primi tive parameters 

[0274] The definition of parameters in EC primitives will be described as follows. 

(■n Message urfflfMUl: Used in the information transfer that carries the variable length messages. In the AA-DATA 
request AA-UNITDATA request and MAA-UNITDATA request this parameter is mapped transparently to the infor- 
mation field of the LAC-U PDU. In the AA-DATA indication, AA-UNITDATA indication, and MAA-UNITDATA indica- 
tion the contents of the information field of the received LAC-U PDU is mapped to this parameter. In the AA- 
RETRIEVE indication, information to be returned to the LAC-U user from the transmission queue (data has not yet 
been transmitted) or transmission buffer is mapped to this parameter. The length of MU is an integer multiple of 1 

information between LAC users (LAC-Um: Used to transfer messages between users of variable length during 
connection control. LAC-UU may be contained in the BGN. BGAK, BGREJ, RS. and END PDUs. but reception is 
not guaranteed. In request/indication, this parameter is mapped transparently to the LAC-UU field of the LAC-U 
PDU. In request/indication, the contents of the LAC-UU field of the received LAC-U PDU are mapped to this param- 
eter The LAC-UU may be null (not exist), but if LAC-UU exists, the length is an integer multiple of 1 octet 

(3) Se quence number (SNY. Used to indicate the value of N(S) of the receiving SD PDU, and to support the data 
recovery operation. 

(4) Recover number (RU): Used to support data recovery. RN+1 indicates the value of the N(S) of the first SD PDU 
to be recovered. A value representing "Unknown" indicates that only the SD PDU which have not been transmitted 
yet should be recovered. The value representing Total" indicates that all SD PDUs which exist in both of the trans- 
mission buffer and the transmission queue should be recovered. 

(5 ) Buffer release (BR): Indicates whether or not the transmission buffer is released in the subsequent release con- 
nection. This parameter permits the release of a selectively confirmed message, even during data transfer. A value 
representing "Yes" indicates that the transmission buffer and the transmission queue may be released, and a value 
representing "No" indicates that the transmission buffer and the transmission queue must not be released. 

(6) Code: Indicates the type of protocol error which has occurred. 

m Source: Indicates which of the LAC-U layer or the peer LAC-U user has started a connection release. This 
parameter takes the value representing either "LAC-U" or "USER." When "LAC-U" is indicated, the user must 
ignore it even if the LAC-UU parameters exist 
(8) Count: Indicates the number of retransmission of the SD PDU. 



B-1 1-3-2-3-5: Format an d parameter 

B-1 1-3-2-3-5-1: Laver-3- converoence sublayer 

[0275] First the details of the parameters in the layer-3-convergence sublayer will be described. 
[0276] SAPI (Service Access Point Identifier) identifies the layer-2 service type which is provided for layer 3, and indi- 
cates the service type with 3 data bits. In this embodiment it is not used. 

[0277] The W bit of two bits is used in segmentation and reassembly for keeping the correspondence between the 
layer 3-frame and iayer-3-convergence sublayer frames. 

[0278] The code type indication index designates the type of code when a hybrid ARQ is applied. Whether or not the 
hybrid ARQ is applied is discerned on the basis of the version of the layer-3-convergence sublayer. In this embodiment 
it is not used. 

[0279] The reservation indicates the version etc. of the layer-3-convergence sublayer with 2 bits. In this embodiment 
it is not used. 
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B-1 1-3-2-3-5-2: Error control sublayer 
B-1 1 -3-2-3-5-2-1 : List and format of PDU 
5 [0280] Table 20 shows the list of the protocol data unit (PDU) that this embodiment supports. 



Table 20 



10 


List of PDU in error control sublayer 


Function 


Name of PDU 


PDU Type field 


Description 


Retransmissio n 
number 




Setting 


BGN 


00001 


Initial request 


Prescribed with MaxCC 


15 




BGAK 


00010 


Acknowledgment 
response request 








BGREJ 


00111 


Connection rejection 


— 




Release 


END 


00011 


Disconnection command 




20 




ENDA 
K 


00100 


Disconnection 

acknowledgment 
response 


— 


25 


Re-synchronization 


RS 


00101 


Re-synchronization com- 
mand 


Prescribed with MaxCC 






RSAK 


00110 


Re-synchronization 

acknowledgment 

rssDonse 




30 


Recovery 


ER 


01001 


Recover command 


- 






ERAK 


01111 


Recover acknowledg- 
ment request 




35 


Acknowledgment type 
data Transfer 


SD 


01000 


Order preservation con- 
nection type data 






POLL 


01010 


Transmission status 
information accompany- 
ing request for receiving 
status information 




40 




STAT 


01011 


Solicitation type receiv- 
ing status information 








USTAT 


01100 


Un-soli cited type receiv- 
ing status information 




45 


Non-acknowledgment 
type data transfer Man- 
agement data transfer 


UD 


01101 


Non-number system 
user data 






MD 


01110 


Non-number system 
management data 





so 



[0281] The definitions and the formats of PDUs shown in Table 20 will be described as follows. 

(1) BGN PDU (Begin PDU1: Used in the LAC-U link setting between two peer entities. This requests the initialization 
55 of the transmission and receiving status variable and the clearing of the transmission and receiving buffer of the 

peer entity. The format of this PDU is shown in Fig. 82. 

(2) BGAK PDU (Begin acknowledgment PDU): Used in the acknowledgment response which indicates that a con- 
nection request from the peer entity has been received. The format of this PDU is shown in Fig. 83. 
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(3) BGREJ PDU (Begin Reject PDU): Used in the rejection of the connection from the peer LAC-U entity. The for- 
mat of this PDU is shown in Fig. 84. 

(4) END PDU (End PDU): Used in the reiease of an LAC-U connection between two peer entities. The format of 
this PDU is shown in Fig. 85. 

5 (5) ENDAK PDU (End acknowledgment PDU): Used in the acknowledgment of an LAC-U connection release. The 

format of this PDU is shown in Fig. 86. 

(6) RS PDU fRe-svnchronization PDU): Used in the re-synchronization of the buffer and the data transfer status 
variable. The format of this PDU is shown in Fig. 87. 

(7) RSAK PDU (Re-synchronization acknowledgment PDU): Used in the response acknowledging reception of the 
10 re-synchronization which is requested by the peer LAC-U entity. The format of this PDU is shown in Fig. 88. 

(8) ER PDU (Error Recovery PDU): Used in the recovery from protocol error. The format of this PDU is shown in 
Fig. 89. 

(9) ERAK PDU (Error Recovery Acknowledgment PDU): Used in the acknowledgment response of the recovery 
from protocol error. The format of this PDU is shown in Fig. 90. 

is (10) SD PDU (Sequenced Data PDU): Used to transfer PDU with the serial number including the information field 
that is given from the LAC-U users via the LAC-U connections. The format of this PDU is shown in Fig. 77. 

(11) POLL PDU (Poll PDU): Used to request status information in regard to peer LAC-U entity through LAC-U con- 
nection. The format of this PDU is shown in Fig. 78. 

(12) STAT PDU (Solicited status PDU): Used in the response to the status request which is received from peer LAC- 
20 U entity. The information relating to the receiving state of the SD PDU and SDwithPOLL PDU, the credit information 

for the transmission side of the peer entity, and the sequence number (N(PS)) of POLL PDU or SDwithPOLL PDU 
that solicitated this PDU are included in this PDU. The format of this PDU is shown Fig. 79. 

(13) USTAT PDU (Unsolicited status PDU): Used when the SD PDU loss, which is equal to or more than 1 , is newly 
detected based on the sequence number inspection of SD PDU. The information relating to the receiving status of 

25 the SD PDU and the credit information for the transmission side of the peer entity are included in this PDU. The 
format of this PDU is shown in Fig. BO. 

(14) UP PDU (Unit data PDU): Used in an non-acknowledgment type data transfer between two LAC-U data. 
Although the UD PDU is used when the LAC-U user requests a non-acknowledgment type data transfer, the con- 
dition and variable of the LAC-U are not effected in this case. The UD PDU does not carry the sequence number, 

30 so that the lost is not recognized. The format of this PDU is shown in Fig. 81 . 

(15) MP PDU (Management data PDU): Used in a non-acknowledgment type management data transfer between 
two management entities. Although the MP PDU is used when the management entity requests a non-acknowledg- 
ment type management data transfer, the condition and variable of the LAC-U are not effected in this case. The for- 
mat of this PDU is shown in Fig. 81 . 

35 

[0282] In this embodiment, a PDU that has a PDU Type code that is not prescribed, and a PDU which does not have 
an appropriate length for the type of PDU displayed, are defined as invalid PDUs. The invalid PDUs is quashed without 
notifying the transmission side. As the result, no operations are carried out However, a violation is reported to layer 
management for a PDU which is not an appropriate length for the PDU of the type which in indicated. 
40 [0283] In Figs. 77 through 90, the maximum length k of the information octet and the maximum length j of the LAC- 
UU are values that satisfy the PDU maximum length which is defined under (1) in section 12-3-1-2-3. 

B-1 1-3-2-3-5-2-2: Characteristics of each PDU format 

45 [0284] As described above, the reservation field (R, Rsvd, Reserved) exists in each PDU. The function of the reser- 
vation field is to carry out 8 bit alignment and this field is ignored on the receiving side. The maximum length of the 
information field in each SD, UD, and MD PDU is a k octet. The value of the k is set by both negotiation procedures 
which LAC-U does not participate in, and is able to be proscribed by other recommendations which uses LAC-U. Alter- 
natively, the k value can be conducted from the maximum PDU length of the protocol which uses LAC-U. Furthermore, 

so the minimum value of the k is 0 octet 

[0285] The coding of STAT, USTAT PDU will now be described. 

[0286] The USTAT PDU includes two list elements, and there is a case in which the STAT massage which is transmit- 
ted is divided to a plurality of STAT PDU. The processing procedure of one STAT PDU is not related to information in 
the other STAT PDU. This case materializes even when a plurality of STA PDU are generated as the response of one 
55 POLL PDU, and several STAT PDU of the generated STA PDUs were quashed. 

[0287] The list elements in each PDU of STAT, USTAT are odd or even number elements of the list that is used for the 
selection retransmission request The odd number element expresses the first PDU of the loss part, and the even 
number element expresses the first PDU of the receiving sequence (excluding the case where the list is last). 



45 



EP 0 977 393 A1 



B-1 1-3-2-3-5-2-3: ch indication index for MAC switching 

[0288] The ch indication index for MAC switching indicates the type of desirable logical channel to be applied accord- 
ing to traffic, and is used to back-up the MAC switching that is carried out by the MS core. For example, the applied log- 
5 ical channel becomes RACH/FACH in the case where the value of the ch indication index for MAC switching is 
"00000000", and becomes UPCH in the case where the value of the ch indication index for MAC switching is 
"00000001." 

B-1 1-3-2-3-5-2-4: States of LAC-U protocol entities 

10 

[0289] Next, the states of the LAC-U entities will be described. These states are used to prescribe the peer-to-peer 
protocol. These states are conceptual ideas, so that the duplication will be avoided by showing the general condition of 
the LAC-U entities in the signal that is exchanged with the user and the sequence of the PDU that is exchanged with 
the peer entity. The basic states are as follows. (1) State 1: Idle 
is [0290] Each LAC-U entity is initialized to the idle state (state 1 ) conceptually, and returns to this idle state by connec- 
tion release. 

(2) State 2: connection start-up on output side 

20 [0291] The LAC-U entity which requests the connection setting to the peer entity is in the output side connection start- 
up state (state 2) until receiving the acknowledgment response from the peer entity. . 

(3\ State 3: Input side connection start-up 

25 [0292] The LAC-U entity that receives the connection setting request from the peer entity and has a response from 
the user is in the input side connection start-up state (state 3). 

(41 State 4: Output side disconnection start-up 

30 [0293] The LAC-U entity which requests a connection release between peers is in the output side disconnection start- 
up state (state 4) until receiving the acknowledgment that the peer entity has released the connection and shifted to the 
idle state (state 1). The LAC-U shifts to the idle state after receiving the acknowledgment. 

(S\ State 5: Output side re-svnchronization start-up 

35 

[0294] The LAC-U entity which requests the re-synchronization of the connection to the peer entity, is in the output 
re-synchronization start-up state (state 5). 

(6) State 6: In put side re-svnchronization start-up _ ._ 

40 

[0295] The LAC-U entity which receives the re-synchronization request from the peer entity and is waiting for a 
response from the user is in the input side re-synchronization start-up state (state 6). 

(7) State 7: Output side recovery start-up 

45 

[0296] The LAC-U entity which requests error recovery of the connection with respect to the peer entity is in the output 
side recovery start-up state (state 7). 

(8) State 8: R ecovery response start-uo 

50 

[0297] The LAC-U entity which is waiting for the response from the user after notifying user that error recovery is fin- 
ished is in the recovery response start-up state (state 8). 

(9) State 9: Input side recovery start-up 

55 

[0298] The LAC-U entity which receives the recovery request from the peer entity and is waiting for a response from 
the user is in the input recovery starting state (state 9). 
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(10) State 10: Data transfer possible 

[0299] When the establishment of the connection, the re-synchronization, or the error recovery procedure is finished 
normally, both of the LAC-U entities are in the data transfer possible state (state 1 0), and an acknowledgment type data 
5 transfer becomes possible. 

B-1 1-3-2-3-5-2-5: State variable of LAC-U 

[0300] Next, the state variable used in peer-to-peer protocol prescriptions will be described. 

w [0301] The SD PDU and the POLL PDU are numbered independently and sequentially, and have a value in the range 
from 0 to n-1 (n is a modulus of the sequence number). The modulus is 2 8 , and the sequence number circulates over 
the whole range from 0 to 2 8 -1. All of the operation methods relating to the state variables VT(S), VT(PS), VT(A), 
VT(PA), VT(MS), VR(R), VR(H), VR(MR) and the sequence number use the modulo. When the comparison operation 
of the transmission side variable is carried out, it views VT(A) as the standard. The state variables VT(SQ) and VR(SQ) 

15 use the modulo 256 operation. 

B-1 1-3-2-3-5-2-5-1 : State variable which transmission side LAC-U is waiting for 
(1) VT(S): Transmission state variable 

20 

[0302] This state variable has the sequence number (in the case of retransmission, the number that is given first) of 
the new SD PDU which is transmitted next One is added to the VT<S) after transmitting the new SD PDU (excluding 
retransmission). 

25 (2) VT(PS^ Poll transmission state variable 

[0303] This state variable has the present value of the poll sequence number. One is added to VT(PS) before trans- 
mitting the next POLL PDU. 

30 (3) VT(A^: Acknowledgment state variable 

[0304] This state variable is the sequence number of the SD PDU for which delivery acknowledgment is be carried 
out next, and is equivalent to the minimum value of the receiving acknowledgment window. The VT(A) is renewed by 
sequential SD PDU acknowledgment 

35 

(4) VT(PAY Poll acknowledgment state variable 

[0305] This state variable is the poll sequence number of the next STAT PDU to be received, and is equal to the min- 
imum value of the N(PS) window which can receive the STAT PDU. In the case where a STAT PDU which includes 
40 invalid N(PS) outside the window that is sandwiched between VT(PA) and VT(PS) is received, the recovery procedure 
is started, and the release is carried out In the case where the STAT PDU is received, VT(PA) is renewed by N(PS) in 
the STAT PDU. 

(51 VTfMSl: Maximum transmission state variable 

[0306] This state variable is the sequence number of the first SD PDU which is not permitted in the peer receiving 
side. That is, this state variable is permitted through VT(MS) - 1 on the receiving side. On the transmission side, when 
VT(S) = VT(MS) , a new SD PDU must not be transmitted. This state variable is renewed whenever USTAT, STAT, BGN, 
BGAK, RS, RSAK, ER and ERAK PDUs are received. 

50 

(61 VTfPDl: Poll data state variable 

[0307] This state variable is equal to the number of SD PDU which are transmitted during the time that two POLL PDU 
are transmitted, or the number of SD PDU which are transmitted until the first POLL PDU is transmitted after 
55 Timer_POLL starts. One is added to the VT(PD) in SD PDU transmission including retransmission, and the VT(PD) is 
initialized to "0" in the one POLL PDU transmission. 
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(7) VT(CC1: Connection control state variable 

[0308] This state variable has the PDU number of unacknowledged BGN, END, and ER ( or the PDU number of RS. 
One is added to the VT(CC) in the transmission of each PDU of BGN, END, ER or RS. In the case where the END PDU 
5 is transmitted by the occurrence of the protocol error, the LAC-U is not waiting for ENDAK PDU (that is, LAC-U shifts 
directly to state 1 (idle)), and VT(CC) is not added. 

(8) VT(SO): Transmission side connection sequence state variable 

w [0309] This state variable is used to identify whether each PDU of BGN, ER and RS is due to retransmission or not 
This state variable is initialized to zero at the time of the start of the LAC-U process, and is mapped to N(SQ) field after 
adding 1 before transmission of each BGN, ER and RS PDU. 

B-1 1-3-2-3-5-2-5-2: State variable which receiving side LAC-U is waiting for 

15 

(1) VR(R1: Receiving state variable 

[0310] This state variable is the sequence number of SD PDU of the youngest number which is expected to be 
received next When the SD PDU having the expected sequence number is received, this state variable is renewed by 
20 the sequence number of SD PDU of the youngest number that is expected anew. 

(2\ VR(l-n: Maximum receiving expectation state variable 

[0311] This state variable is the sequence number of the maximum SD PDU which is expected to be received next 
25 This state variable is renewed in the two case described below. 

1) New (not retransmission) SD PDU receiving 

2) POLL PDU receiving 

30 (3) VRfMRV Maximum receiving possible state variable 

[0312] This state variable is the sequence number of the first SD PDU which is not permitted on the receiving side, 
i.e., the SD PDU is permitted through VR(MR)-1 . The receiving side quashes SD PDU of N(S)£ VR(MR) (This type of 
SD PDU may also cause a USTAT PDU). Note that if it is not greater than or equal to VR(HO), VR(MR) may not be set 
35 to a smaller value. 

(4) VR(SQ): Receiving connection sequence state variable 

[0313].. This variable is used to discriminate .whether or not each BGN, ER and RS PDU is due to retransmission. 
40 When each BGN, ER and RS PDU is received, the value of N(SQ) and this state variable are compared, and the value 
of N(SQ) is assigned to this state variable. If both values are different, PDU is processed normally, without retransmis- 
sion being considered, and VR (SQ) is renewed with N (SQ). On the other hand, if both values are equal, PDU is rec- 
ognized as a retransmission and the simplified process is carried out. In this case, the value of VR(SQ) is not renewed. 
This state variable is initialized to zero when LAC-U processing is started. 

45 

B-11 -3-2-3-5-2-6: PDU parameter of LAC-U 
[0314] Next, the PDU parameter of LAC-U will be described. 
50 (1)N(S) 

[0315] Whenever each PDU of a new SD or POLL is generated, the VT(S) is mapped to the N(S). 

(2) Information field 

55 

[0316] The information field of each PDU of SD, MD or UD is mapped respectively from the message unit parameter 
of each request primitive of AA-DATA, MAA-UNITDATA, or AA-UNITDATA. Each are mapped respectively from the mes- 
sage unit parameters of each display primitive of AA-DATA, MAA-UNrTDATA, or AA-UNITDATA. 
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(3) NfPS) 

[0317] Each time POLL PDU is generated on the transmitting side, VT(PS) is mapped to N(PS) (VT(PS) is a value 
after addition). The receiving side of POLL PDU maps directory N(PS) of POLL PDU which is received to N(PS) field of 
5 the STAT PDU. In order to make the error recovery process simple, each time the transmission side transmits SD PDU, 
the transmission side stores the present value of VT(PS) as N(PS) to the transmission buffer after correlating the 
present value with the correspondent SD PDU. 

(4) N(R) 

10 

[0318] Each time a PDU of STAT or USTAT is generated on the receiving side, VR(R) is mapped to N(R). 

(5 ) N(MR) 

is [0319] Each time each PDU of STAT, USTAT, RS, RSAK, ER, ERAK, BGN or BGAK is generated, the VR(R) is 
mapped to N(MR). This value becomes the standard value of the credit which is permitted on the receiving side. 

(6) L^C-UU 

20 [0320] LAC-UU in each PDU of BGN, BGAK, BGREJ, END or RS is mutually mapped between the LAC-UU param- 
eter value of the corresponding LAC-U signal. 

(7) S (Source) bit 

25 [0321] The S bit notifies which of LAC-U seif/LAC-U user started the connection release in END PDU. In the case 
where the transmission of END PDU is started by LAC-U user, the S bit is set to n 0." In contrast when the END PDU is 
started by LAC-U self, the S bit is set to "1 This bit is mapped to the Source field of the AA-RELEASE indication prim- 
itive. 

so (8) N(SO) 

[0322] This field transmits the sequence number relating to the connection control. Each time each PDU of new BGN, 
RS or ER is transmitted, VT(SQ) is mapped to N(SQ). This field is used together with VR(SQ) on the receiving side to 
identify whether each PDU of BGN, RS or ER is a retransmission or not 

35 

(91 PDU Tvoe field 

[0323] The coding of a PDU Type field is shown in Table 20. 
40 B-1 1-3-2-3-5-2-7: Timer 

[0324] The timer used with the error control sub-sublayer is shown in Table 21 . As shown in Table 21 , a variable width 
is provided to the time value in this embodiment An arrangement is also acceptable, however, in which a variable width 
is not provided. 



Table 21 



50 



55 



List of timers used by LAC-U 


Timer name 


Default 


Timer Value 






Min/max value 


Step 


Number of steps 


Timer_POLL 


750 msec 


300 ms- 1000 ms 


50 msec 


15 


Timer.NO-RESPONSE 


7 sec 


300 ms - 10 sec 


100 msec 


98 


Timer.KEEP-ALIVE 


2 sec 


300 ms - 5 sec 


100 msec 


48 


TimerJDLE 


10 sec 


1 sec - 1 0 sec 


1 sec 


10 
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Table 21 (continued) 



List of timers used by LAC-U 


Timer name 


Default 


Timer Value 






M in/max value 


Step 


Number of steps 


Timer_CC 


1 sec 


300 ms - 5 sec 


100 msec 


48 



B-1 1-3-2-3-5- 2-8: LAC-U parameter 

10 

[0325] The value of LAC-U protocol parameter depends on the application. Each parameter wilt be described below. 

(a) MaxCC 

is [0326] MaxCC is the maximum value of the state variable VT(CC), and coincides with the maximum transmission 
number of each BGN, END, ER or RS PDU. In this embodiment, the initial value of MaxCC is 4, and the minimum/max- 
imum values are 1/1 0 respectively. 

(b) MaxPD 

20 

[0327] MaxPD is the maximum possible value of the state variable VT(PD) until VT(PD) is reset to zero after POLL 
PDU is transmitted, and also the maximum value of counter VT(PD). VT(PD) is a counter for transmitting POLL PDU 
for each SD PDU of a MaxPD piece. In this embodiment, the initial value of MaxPD is 25, and the minimum/maximum 
values are 1/255 respectively. 

25 

(c\ MaxSTAT 

[0328] MaxSTAt is the maximum permission list element number in STAT PDU. In the case where the list element 
number becomes more than MaxSTAT, ihe STAT message must be divided. Aii of the PDU which carry the divided STAT 
30 message include the list terms of the MaxSTAT piaces (there is a case that the last one is not so). This parameter is not 
used to check the length on the receiving side of the STAT PDU, and is used to divide STAT message on the transmis- 
sion side only. The MaxSTAT should be an odd number which is equal to or more than three. In this embodiment, the 
initial value of MaxSTAT is 67, and the minimum/maximum values are 3/255 respectively. The initial value can be set to 
an optional value, but should not be set to a value exceeding the maximum length of SD PDU. 

35 

(d) Clear-buffers 

[0329] This parameter is set when the connection is established. This parameter holds either of two values, "Yes" or 
"No." In the case where this parameter is set to "Yes", the LAC-U can release the transmission buffers and the trans- 
40 mission queues when the connection is released. On the other hand, in the case where this parameter is set to "No", 
the LAC-U cannot release the transmission buffers and the transmission queues when the connection is released. In 
the case where this parameter is set to "No" during data transfer, if the past message than set up is in the delivery 
acknowledgment wait state, the LAC-U cannot release the message that was confirmed selectively from the sending 
buffer. 

45 

(e) Credit 

[0330] This parameter is used to provide credit notice to the layer manager. In the case where the LAC-U is prevented 
from new SD PDU transmission because credit is lacking, the set value of this parameter becomes "No." In the case 
so where the LAC-U is permitted new SD PDU transmission, this parameter is set to "Yes." This parameter is assigned to 
"Yes" at the time of initialization. 

B-1 1-3-2-3-5-2-9: LAC-U credit and flow control 

55 (1) Credit and flow control between peer entities 

[0331] Between peer entities, the receiving side LAC-U provides credit in order to allow transmission of a new SD 
PDU to the transmitting side LAC-U of peer entities of other side. Note that the process by which the receiving entity 
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determines credit is set appropriately after taking into consideration the amount of usable buffer, the connection band, 
and the round trip delay. 

[0332] The credit value is stored in the N(MR) field of each of BGN. BGAK, RS, RSAK, ER, ERAK, STAT, and USTAT 
PDUs, and then communicated to the transmitting side. N(MR) is mapped to the VT(MS) on the transmitting side. The 
s credit value which is transmitted to the transmitting side indicates the sequence number of the initial SD PDU which is 
not received at the receiving side. 

[0333] On the transmitting side, any SD PDU which exceeds the permitted limits based on the credit is not transmitted, 
while on the receiving side, all SD PDU exceeding the permitted limits based on the credit are discarded. However, 
depending on the situation, it is also acceptable to carry out USTAT PDU transmission using this type of SD PDU. 
w [0334] A previously allowed credit can be reduced on the receiving side, however, the settings are such that the credit 
variable VR(MR) on the receiving side is not made smaller than the current VR(H) value. In other words, the settings 
are such that credit value VR(MR) takes a value greater than VR(H) in the case where the receiving side accepts a SD 
PDU reception having number of VR(H)-1 and carries out delivery acknowledgment 

[0335] The lower limit value for the active window of the protocol on the transmitting side is prescribed by VT(A), while 
is the upper limit value therefor is prescribed by the credit which was informed (VT(MS)-1). In addition, the active window 
is limited to 28-1 by the protocol modulus. Thus, the credit determined using modulo calculations on the receiving side 
must take a value between VR(H) and VR(R)-1 . For example, if VR(MR) = VR(R) = VR(H) , then the active window is 
"0", while if VR(MR) = VR(R)-1 , then the active window assumes a maximum value. 

[0336] On the LAC-U receiving side, buffer is assigned for maintaining the respective connections. As a general rule, 
20 in order to avoid discarding normally transmitted data, the usable buffer on the receiving side should be assigned a 
capacity which is the same or greater than the credit permitted on the transmitting side. However, when the buffer which 
can be used per connection is limited, it is acceptable to permit a credit which surpasses the usable buffer capacity. 
While there is a possibility that it will be necessary to discard data in the event that an error occurs, this approach allows 
a higher though-put to be obtained as compared to a method in which the credit value is restricted by the amount of 
25 usable buffer. 

[0337] Although reception and delivery acknowledgment are completed on the receiving side, it is not possible to dis- 
card SD PDU that have not been transferred to a user of superior standing. Thus, in this embodiment, excluding the 
case where VR(R)=VR(H)=VR(MR) , a buffer capacity is assigned on the receiving side that is sufficient for receiving 
the SD PDU having the VR(MR) number and transferring it to a user of superior standing. Note that in a method which 
30 provides notification of a credit which exceeds the buffer capacity, the usable buffer allotted for maintaining the connec- 
tion is limited. This type of method should be used only in the case where a LAC-U receiving side using this type of 
method can maintain the quality of service (QoS) which is demanded by the connection. 

(2) Local flow control 

35 

[0338] A PDU or outer through inner signal reception LAC-U event is typically processed in the order generated. How- 
ever, events related to the exchange of the connection state information of the LAC-U have a higher priority than data 
transmission. For example, a mounting arrangement may be considered in which the congestion (long queuing delay, 
for example) on a lower protocol layer is detected. When congestion is detected in this type of arrangement, data trans- 

40 mission should be temporarily postponed in order to give priority to the connection control message. 

[0339] The LAC-U entity in this embodiment has a function to postpone each of the primitive services AA-DATA 
request, AA-UNITDATA request, and MAA-U N ITDATA request, when this type of local congestion (lower layer busy) is 
detected. This LAC-U entity also has a function to postpone a requested SD PDU retransmission. The data transmis- 
sion order employed in this embodiment realizes the above-described functions without causing a protocol error. 

45 [0340] Because of the above-described circumstances, this embodiment provides that in relation to PDU transmis- 
sions to the receiving peer entity, the highest degree of priority is awarded to all types of PDUs, excluding SD PDU, MD 
PDU, and UD PDU. Note that SD PDU, MD PDU, and UD PDU all have the same degree of priority. In this embodiment, 
in the case where there is both a SD PDU retransmission and a new SD PDU transmission that have not been trans- 
mitted yet, the SD PDU retransmission is given priority for transmission. However, this degree of priority is effective only 

so within LAC-U. 

B-1 1-3-3: Example of communication when connecting MS core and a p lurality of terminal interface units 

[0341] A Global ID is employed for notifying a call acceptance display of CNC or reception level information displayed 
55 using SYC. The Global ID is notified to all terminal interface units TERM-INT simultaneously. Reception messages in 
which a self-TEmID is not set are ignored at each terminal interface TERM-INT, and are not transferred to TE. However, 
all messages received at an MT terminal interface TERM-INT are transferred to TE (i.e., MT). Messages from other ter- 
minal interfaces TERM-INT to the MS core are also received at each terminal interface TERM-INT, however, but are 
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ignored at all terminal interfaces TERM-INT other than those for MT use, and not transfer to TE. The preceding discus- 
sion is the same in the case of transmission between terminal interfaces TERM-INT. 

B-12: Packet transmission control 

5 

[0342] Packet transmission control will now be explained. 
B-12-1: Overview 

w [0343] Packet transmission control in this embodiment has the objective of transmitting data having diverse traffic 
characteristics, from low density light traffic to high density large capacity traffic, while at the same time planning for high 
efficiency use of radio and equipment resources. The main characteristics of this packet transmission control will be dis- 
cussed below. 

is B-12-2: Switching access methods 

[0344] With causing a reduction in service quality, this embodiment periodically switches the access method 
employed in response to the amount of traffic, which varies over time, so that efficient use of radio and equipment 
resources can be anticipated. Note that "switching access methods" means switching the physical channel/media 
20 access control method in response to traffic. 

[0345] The decision to switch physical channels is carried out autonomously at the base station BS. The following 
three reasons may be considered as reasons for switching the physical channel. Which of these reasons is employed 
is based on the settings in the application. 

25 Reason 1 : in-band information (information for the physical channel which is desired for use) from ADP of the 
switching center and ADP of the mobile station MS 

Reason 2: monitoring of the amount of reverse/forward traffic by the base station BS 

Reason 3: layer 3 information from the mobile station MS to the base station BS requesting switching of employed 
channei 

30 

[0346] Switching of the physical channel is determined by a control unit at the base station BS which compares infor- 
mation notified based on reasons 1-3 with a preset threshold value. The specific switching sequence will be explained 
below. 

[0347] The allotment of functions relating to switching access methods in this embodiment is shown in Table 16. 



Table 16 





Function allotment for switching access methods 


40 


ADP 


MS core 




Traffic monitoring 


Switching indicator 
augmentation 


indicator from ADP 


Traffic monitoring 


Execution of switch- 
ing 


45 


performed on layer 2 
of U-Plane 


• layer 3 of C-Plane is 
used 


• layer 3 of C-Plane 
considered 


not performed 


performed 




• LAC-U traffic of 
layer 2 of U-Plane is 
used 


• LAC-U traffic of layer 
2 of U-Plane ignored 







50 

[0348] The operation of terminal interface TERM-INT relating to access method switching will now be explained. 



(1) In MAC switching (physical channel switching), the following decisions 1,2 (comparison of threshold and aver- 
age traffic in layer 2 of U-Plane) are performed during transmission, and the type of logic channel desired for use 
55 is determined. This decision is carried out independently in reverse and forward channels. 

Decision 1: average traffic > threshold -> dedicated channel 



52 



EP 0 977 393 A1 

Decision 2: average traffic < threshold common channel 



The above decisions are carried out each decision cycle. The average traffic value (E) is determined for the 
5 interval from the point in time of the decision back through an averaged time period (E=CPS-SDU length/CPS-SDU 

generation interval). When the averaged time period has not elapsed by the time of decision, the decision is omit- 
ted. Moreover, the decision is also omitted in the case where, even if the averaged time period has elapsed, it is 
within a specific holding time for the initial decision, and there are two or more CPS-SDU within the averaged.time 
period. Note that average traffic value=0 in the initial value settings in this embodiment 
10 (2) The result of the current decision is compared to the immediately preceding result The current result is com- 
municated to the MS core AP as a MAC switching request only in the case where the two results are different This 
communication is carried out independently in reverse and forward channels. Note that the AP of the MS core per- 
forms MAC switching based on this request Final MAC switching is carried out simultaneously in reverse and for- 
ward channels, so that setting of different physical channels in reverse and forward channels does not occur. 

15 

[0349] For example, when setting the ch indicator used for MAC switching in a reverse frame, the following decisions 
3,4 (comparison of average traffic and threshold) are performed during communication, and the type of logic ch desired 
for use is set Once set the value is preserved and employed until the next comparison is performed. Note that the ch 
indicator used for MAC switching is equal to UPCH in the initial value settings. 

20 

Decision 3: Reverse average traffic > threshold -» ch indicator for forward MAC switching=UPCH 
Decision 4: forward average traffic < threshold -» ch indicator for forward MAC switch ing=RACH/FACH 

[0350] Note that there may be a plurality of algorithms, and that algorithm selection and parameter settings are per- 
25 formed according to the directives from controller MS-CNT at ADP start-up. Of course, the aforementioned setting is 

also possible when calling occurs or during communication, provided that there is a directive from controller MS-CNT. 

In the setting of initial values, the initial decision holding time is 10s, the decision cycle is 1s, the averaged time period 

is 10s, the threshold value is 0.1 traffic, and the measured algorithm number is a number showing the algorithms below. 

[0351] In this embodiment it is possible to use MT to set the presence or absence of MAC switching control on the 
30 C-Plane, and the method for setting the ch indicator used for MC switching in MAC switching control on the U-Plane 

(setting in response to traffic values/setting of specific values by indicating the ch indicator used for MAC switching). 

B-12-3: Control of physical channel switching between mobile station MS and base station BS 

35 [0352] It is possible that control of physical channel switching is carried out frequently. Accordingly, in this embodi- 
ment switching control is executed between the mobile station MS and the base station BS, so that switching control 
does not extend to the control of wire transmissions. In other words, in this embodiment control of physical channel 
switching does not require a wire transmission control and a base station control device, or a network control device. 
Note that it is acceptable to control the phenomenon of overhead increase by providing a plurality of decision threshold 

40 values in the control for physical channel switching, and frequently switching the physical channel. 

B-12^4: High-speed HHP (Hard Hand Overt between cells 

[0353] In this embodiment a diversity hand over is not performed when employing a physical channel used for com- 
45 mon control. In other words, the use of a diversity hand over is limited to dedicated physical channels (UPCH) only. 
[0354] In this embodiment a Hard Hand Over (HHO) is used as the method in packet transmission, without employing 
the usual DHO in the dedicated physical channel. In order to avoid an increase in the amount of interference power in 
a Hard Hand Over, the HHO is carried out with high frequency. However, the wire sections are subjected to a diversity 
hand over state, with only the radio sections subject to HHO. In this way, the increase in the radio transmission control 
so load due to high frequency HHO can be restrained. In other words, HHO control is executed between the mobile station 
MS and the base station BS, and a radio transmission control and base station BS control device, and control of a net- 
work control device are not necessary. 

B-12-5: Hand over control between cells 

55 

[0355] The order for processing a hand over between cells will now be explained. 

(1) As in the case of a regular DHO, the mobile station MS selects the sector which satisfies the initial conditions 
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for a diversity hand over from the perch channel reception level in the surrounding sectors, and informs this to BSC 
via the base station BS. 

(2) BSC sets the link for the wire circuit with respect to the base station BS receiving the diversity hand over, and 
connects a plurality of links to the DHT (diversity hand over trunk), thereby creating a DHO state between the wire 

s sections* 

(3) The mobile station MS constantly measures and compares the propagation loss between the mobile station MS 
to the base station BS for each base station BS from the perch channel reception level in the surrounding sectors 
and the perch channel reception levels of other sectors during hand over (HO). When the propagation loss in other 
sectors during HO is smaller than the propagation loss in the surrounding sectors, and when the difference 

10 between the propagation losses is above a specific value, the mobile station MS outputs a request to the surround- 
ing sectors to stop the transmission/reception of packet data. 

(4) When the base station BS in the sector surrounded by the mobile station MS receives a request from the mobile 
station MS to stop the transmission/reception of packet data, it transmits a response signal to the mobile station 
MS. Thereafter, transmission/reception of packet data between radio sections is halted. However, the wire link set- 

15 tings do not change. 

(5) After receiving the response signal from the base station BS in the surrounded sector, the mobile station MS 
releases the radio circuit with the base station BS in the surrounded sector, and sends a signal to the base station 
BS in the sector receiving the HO requesting the transmission/reception of the packet data using RACK 

(6) The base station BS which is receiving the HO sets the physical channel which is to be set for packet data trans- 
20 mission from the information received via RACH. The base station BS receiving the HO designates the connection 

between the wire link and the radio link without changing the link setting for the wire. 



B-12-6: Hand over control between sectors 

[0356] The DHO between sectors can be controlled at the base station BS. For this reason, the DHO between sectors 
is performed during packet transmission as well, using the maximum ratio combining in the same way as in the case of 
the line switching mode. 

B-12-7: Packet discard 

[0357] The quality of the communications path tends to become unstable in a mobile communications environment 
The ADP in this embodiment is designed to determine packet transmission/discard in response to the communication 
state. Specific discard processing is as described in section "B-1 1. Terminal interface unit TERM-INT." 



35 C: Examples 

[0358] Examples will now be explained in which suitable constants and the like have been decided in the above- 
described embodiments. 

40 C-1 : Antenna A MTi and ANT2 

[0359] Efficiency and other such properties of antenna ANT1 and ANT2 are set appropriately on the basis of the 
above description. 

45 C-2: Radio unit TRX and transmiss ion/reception amplifier AMP 
C-2-1: Transmission c haracteristics 

[0360] The transmission characteristics of radio unit TRX and transmission/reception amplifier AMP are set appropri- 
so ately on the basis of the above description. 

C-2-2: Reception characteristics 

[0361] The reception characteristics of the radio unit TRX and the transmission/reception amplifier AMP are set 
55 appropriately on the basis of the above description.. 
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C-2-3: Conditions for measuring characteristics 

[0362] The conditions for measuring the various characteristics are set appropriately on the basis of the above 
description.. 

C-2-4; Pilot synchronized detection RAKE combining 

[0363] Next pilot synchronized detection RAKE combining in the RAKE combining unit 43 will be explained, 
m Structure 

[0364] Pilot synchronized detection RAKE combining in this embodiment is composed of the functions of RAKE com- 
bining, searcher, pilot synchronized detection channel estimate, and AFC (automatic frequency control). 

(2) RAKE corofrping 

[0365] In this embodiment, paths are selected for RAKE combining so that sufficient characteristics are obtained for 
each diversity branch. The combining method is maximum ratio combining. 

(3) RAKE finoer function 

[0366] The RAKE finger number in this embodiment is 6. Each RAKE finger receives the path indicated from the path 
search function described below. Each finger can receive an optional path for each antenna diversity branch. 

(4) Pilot synchronized det ection channel estimate 

[0367] In this embodiment, synchronized detection is performed using a pilot symbol received on a 0.625 ms cycle. 
The channel estimating algorithm is set as appropriate. 

(5) AFC 

[0368] AFC synchronizes the frequency of the standard signal oscillator for the carrier frequency of the reception sig- 



C-3: Base band signal processing unit BB 
C-3-1 : Transmission power control 
C-3-1-1; Overview 

(1) RACH transmission power control 

[0369] The base station BS provides notification of the reverse interference power and the transmission power in the 
perch channel. The mobile station MS determines the RACH transmission power based on the information provided by 
the base station BS (open loop control). This control is equivalent to the case where RACH is used in packet transmis- 
sion. 

(2) FACH transmission power control 

[0370] The perch channel reception EB/IO measured by the mobile station MS is included in RACH. The base station 
BS determines the FACH transmission power corresponding to the received RACH. 

(3) Reverse/forward transmission power control for dedicated physical channel (UPCH) 

[0371] The UPCH initial transmission power is determined in the same way as the transmission power for RACH and 
FACH. Thereafter, the base station BS and the mobile station MS shift to Eb/IO base high-speed closed loop control, 
and open loop control is halted. In high-speed closed loop control, a comparison is made cyclically on the receiving side 
between the measured value of reception Eb/IO and the target value therefor. The results of this comparison are noti- 
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fied to the transmission side in TPC bits. On the transmission side, relative control of the transmission power is per- 
formed based on the TPC bits. In other words, both the base station BS and the mobile station MS have an outer loop 
function for renewing the target value of the reception Eb/IO in response to the reception quality, so as to satisfy the 
required reception quality. 

5 

(4) Transmission p ower control during packet transmission 

[0372] The UPCH initial transmission power is determined by open loop control in the same manner as described 
under (1) above. Thereafter, high-speed closed loop control as described above under (3) is performed in the state 

10 where the pilot symbol and TPC symbol are being transmitted. 

[0373] An explanation will now be made of transmission power control in the case where transmission of the pilot sym- 
bol and TPC symbol are halted in accordance with "C-3-12: DTX control" described below. In this case, the mobile sta- 
tion MS carries out high-speed closed loop control as described above under (3) in the state where the pilot symbol and 
TPC symbol are being received from the base station BS. In the case where there is a forward asynchronous (see "C- 

15 3-5-3-2: Determination of asynchronous") is detected due to a halt in transmission of the pilot symbol and TPC symbol 
from the base station BS, the mobile station MS renders the reverse transmission power constant from the time of 
detection of the asynchronous until the point in time when reverse transmission is halted. 

[0374] Next, an explanation will be made of transmission power control in the case where transmission is reopened 
after there has been a halt in the transmission of the pilot symbol and TPC symbol. In this case, the initial transmission 

20 power value at the mobile station MS when transmission is reopened becomes the value which results when 5 dB is 
added to the transmission power value immediately preceding the halting of pilot symbol and TPC symbol transmission. 
Note that 5 may assume a negative value. At the base station BS and the mobile station MS, the side which first reopens 
transmission of the pilot symbol and TPC symbol transmission increases the transmission power from the initial trans- 
mission power by XdB for each S slot (where, the upper limit of the transmission power is YdBm). Transmission is sub- 

25 sequently initiated from the partner side, and high-speed closed loop control as described under (3) begins once the 
conditions for determining frame synchronization described below (see (1) under "C-3-5-3-1 : Determination of synchro- 
nization establishment" below) have been satisfied. 

[0375] Note that the values for the aforementioned 8, S, X and Y are designated as parameters within the mobile sta- 
tion MS, and may be optionally set, for example, within the following range. The value of Y may be set for each symbol 
30 rate. 

8: -10 through +10 dB 

S: 1 through 256 

X: 1 through 5dB 

35 Y: Max (maximum transmission power for each UPCH) through Min (Max-35 dB) 

[0376] Note that transmission power control at the mobile station MS can be halted based on the settings from MT 
(i.e.. the transmission power is set to a specific value). 

40 C-3-1-2: SIR base high speed closed loop transmission power control 

C-3-1-2-1: Basic operation 

[0377] the mobile station MS carries out the measurement of the reception Eb/IO at each cycle (0.625 ms) for trans- 
45 mission power control. When the measured result is larger than a standard Eb/IO value, TPC bit "00" is transmitted to 
the base station BS, while when the measured result is smaller than a standard Eb/IO value, TPC bit "11" is transmitted 
to the base station BS. The mobile station MS performs a soft decision such as shown in FIG. 91 for the received TPC 
bit In the case of a region A shown in the figure, the transmission power is reduced to 1 .0 dB, while in the case of a 
region B shown in the figure, the transmission power is raised to 1 .0 dB. The timing for changing the transmission power 
so is timed to be immediately before the pilot symbol. The maximum transmission power is designated for the reverse 
channel, while maximum and minimum transmission powers are each designated for the forward channel, with control 
carried out within these limits. The mobile station MS continues this control through the forward synchronization pres- 
ervation interval described in section "C-3-5-3-2: Determination of asynchronous." Thereafter, once a determination 
has been made that the preservation steps have been exceeded and a deviation in synchronization has occurred, the 
55 reverse transmission power value is rendered constant and the TPC bit is assigned to always be "1 1 ." 
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C-3- 1-2-2: Reverse/forward frame timing 

[0378] The frame timing for a reverse/forward communications channel is designed to enable transmission power con- 
trol for 1 time slot control delay, so that the pilot symbol position shifts by 1/2 time slot as shown in FIG. 92. As a result, 
5 immediate transmission power control is realized. 

C-3-1-2-3: Initial operation 

[0379] The method for shifting from the initial state to closed loop control is shown below. 

(1) When the initial transmission power value is designated, the base station BS increases the transmission power 
at specific time intervals continually for a specific number of times, as a first transmission power increase process. 
The point in time where this first transmission power increase process is completed is defined as the designated 
initial transmission power value. These specific values are set in advance as system parameters. This first trans- 
mission power increase process has the objective of avoiding a sharp increase in interference power to other 
mobile stations MS by rapidly transmitting a large transmission power. The specific values set in the system param- 
eters are set so that other mobile stations MS carry out a stepped increase in the transmission power to a degree 
which permits following of changes in the amount of interference power by the transmission power control. The 
TPC bit transmitted by the reverse channel at this time has a set pattern so that the transmission power of the 

mobile station MS gradually increases (00, 1 1 , 1 1 , 00. 1 1 , 1 1 , 00, 1 1 , 1 1 for example). This pattern is preset as 

a system parameter. 

(2) As a second transmission power increase process, the base station BS increases the transmission power con- 
trol by a specific amount in each specific interval until reverse frame synchronization has been confirmed. These 
specific values are preset as system parameters, separately from the specific values in the first transmission power 
increase process. This second transmission power control increase process is a process for guaranteeing estab- 
lishment of forward radio frame synchronization by gradually increasing the transmission power even when the ini- 
tial transmission power value is not sufficient for the mobile station MS to establish forward radio frame 
synchronization. The specific time intervals in this process are comparatively long, on the order of 1 to several sec- 
onds. 

(3) On the other hand, when the mobile station MS establishes forward frame synchronization, the transmission 
power value determined by open loop is designated as the initial value, and relative control of transmission power 
is performed in accordance with the TPC bit received from the base station BS. The TPC bit transmitted by the 
reverse channel at this time is determined based on the results of measurement of the forward Eb/IO. 

(4) When the reverse frame synchronization is established, the base station BS carries out relative control of the 
transmission power in accordance with the TPC bit received from the mobile station MS. The TPC bit transmitted 
by the reverse channel is determined based on the results of measurement of the reverse Eb/IO. 

C-3-1-3; Trans mission power control during diversity hand over between sectors 

40 [0380] In a diversity hand over between sectors, measurement of reception Eb/IO and modulation of the TPC bit are 
carried out after maximum ratio combining between sectors for both reverse and forward channels. The forward TPC 
bit transmits the same value from a plurality of sectors. Accordingly, the same transmission power control is performed 
as in the case where diversity hand over is not performed. 

45 C-3-1-4: Transmission power co ntrol during diversity hand over between cells 

C-3-1-4-1: Reverse transmission power control 

(1) Operation of base station BS 

50 

[0381] As in the case where diversity hand over is not performed, the base station BS measures the reverse reception 
Eb/IO and, based on the results of this measurement, transmits the determined TPC bit to the mobile station MS. 

(2) Operation of mobile station MS 

55 

[0382] The mobile station MS independently receives the TPC bit in the base station BS units (where diversity 
between sectors is performed). Namely, the mobile station MS measures the reliability (reception Eb/IO) of the TPC bit 
for each base station simultaneously, and lowers the transmission power by 1 dB if there is even one "0" in the numer- 
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ous results of soft decision on TPC bits which satisfy the required reliability. In contrast, the transmission power is 
increased by 1 dB in the case where there are all Ts in these results. 

C-3- 1-4-2: Forward transmission power control 

5 

(1) Base station BS operation 

[0383] The base station BS controls the transmission power in accordance with the received TPC bit in the same way 
as when diversity hand over is not carried out When there is a deviation in the reverse synchronization, so that the TPC 
w bit cannot be received, the base station BS renders the transmission power value constant 

(21 Operation of mobile station MS 

[0384] The mobile station MS measures the reception Eb/IO after site diversity combining, and transmits the TPC bit 
75 determined based on these measured results to each base station BS. 

C-3-1-5: Outer loop 

[0385] The mobile station MS has an outer loop function for renewing the standard target Eb/IO for high speed closed 
20 loop transmission power control in response to quality information, so that a specific reception quality (average FER) is 
satisfied. 

C-3-1-6: Method for correcting stand ard target Eb/IO 

25 [0386] The initial value of standard target Eb/IO is designated by control unit MS-CNT. Thereafter, the mobile station 
MS renews standard target Eb/iO based on the results of measurement of the reception quality. 
[0387] Specifically, when the control unit MS-CNT specifies to the mobile station MS the quality monitoring (FER mon- 
itoring, etc.) which is to be initiated, the mobile station MS executes the designated quality monitoring, and communi- 
cates the results of this quality monitoring to the control unit MS-CNT. The control unit MS-CNT determines whether or 

30 not standard Eb/IO is renewed in accordance with the quality monitoring results communicated by the mobile station 
MS. The standard Eb/IO is renewed when a determination is made that renewal be performed. 

C-3-2: Multicode transmission and multicall 

35 C-3-2- 1 : Overview 

[0388] In this embodiment multicali is performed in which a plurality of independent calls are set in one mobile station 
MS. 

40 C-3-2-2: Parameters for multicall 

[0389] The definition of multicall in this embodiment is as shown below. 

(1) One mobile station MS is designed to support communications between two different terminal devices. This 
45 includes communications concluded between mobile station MS such as voice communications. Thus, when a plu- 
rality of external terminals are connected to the mobile station MS, simultaneous communications between two ter-* 
minais (one terminal in the case voice communications) can be carried out Control items are shown in (2)~(5) 
below. 

(2) In the case of unrestricted digital communications, the communication between one pair of terminals is as fol- 
so lows. 

Communications between terminals using interfaces comforming to ITU-T recommendation I.430 of up to 2B 
(64kbpsx2). 

Communications between terminals using interfaces comforming to ITU-T recommendation 1.431 of up to 6B 
55 (64 kbps x 6). 

(3) Multi-call between unrestricted digital communications is controlled as follows. 
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Multi-call is not carried out between terminals using ITU-T recommendations 1.431 and L430. 

(4) Independent dual calling is not set up in packet communications. 

(5) When multi-calling between voice communications and unrestricted digital communications, the unrestricted 
5 digital communications is up to 2B (64 kbps x 2). 

[0390] When a new call using 128 ksps occurs during 128 ksps communications (user rate of 64 kbps), there is a shift 
up to a 256 ksps physical channel. 

w C-3-2-3: Parameters for multicode transmission 

[0391] When one call is composed of a plurality of dedicated physical channels (diffuse code), the mobile station MS 
performs pilot synchronization detection and transmission power control and the like for all the dedicated physical chan- 
nels within one call. 

15 [0392] When a plurality of calls are independently generated at one mobile station MS, and a plurality of spreading 
codes (short code) are assigned, the mobile station MS performs transmission power control and pilot synchronization 
detection independently for each spreading code. However, when a plurality of calls are superimposed on one dedi- 
cated physical channel, as in the case where two 64 kbps unrestricted digital calls are independently generated and 
data transmission is carried out in one 256 ksps dedicated channel using shift up control, pilot synchronization detec- 

20 tion and transmission power control are carried out in spreading code units. 

C-3-3; Varia ble rate transmission control 

[0393] Blind rate determination using liklthood during Vertibi decoding and the reception SIR difference between the 
25 pilot symbol unit and the symbol unit for the logical channel are carried out as variable rate transmission control. 

C-3-4: Synchronized processing 

C-3-4-1: At start-up of mobile station MS 

30 

[0394] The mobile station MS performs cell/sector selection upon start-up, and establishes perch channel synchroni- 
zation. 

[0395] In this embodiment each sector is designed to transmit a perch channel in which a portion of the long code is 

masked. The long code mask symbol of the first perch channel is spread over through the common short codes of all 
35 cells. Thus, the mobile station MS can detect slot timings using this common short code. The long code mask symbol 

of the second perch channel is spread over the short code associated with the long code within a specific range. 

Accordingly, mobile station MS can close in on long code candidates sought using the short code. 

[0396] The self-sector number and long code number of the surrounding cells are notified over the perch channel. 

Based on the reported information, the mobile station MS establishes perch channel synchronization in other sectors 
40 in the same cell and sectors in the surrounding cells, and measures the reception level of the perch channel. The mobile 

station MS can perform a cell/sector shift decision during the waiting state by comparing the perch channel reception 

level. 

C-3-4-2: During random access 

45 

[0397] The mobile station MS transmits a RACH during location registration, calling origination, or incoming call 
acceptance. The base station BS establishes the synchronization of a plurality of RACH transmitted by frame offset, 
and receives the signal. 

so C-3-4-3: Purine establishment of d edicated channel synchronization 

[0398] A summary of the procedure for establishing synchronization of SDCCH and TCH is shown in FIG. 93. In FIG. 
93, the base station BS first initiates transmission of the forward channel in which an idle pattern is set 
[0399] Based on perch channel synchronization information, and the time slot offset group and frame offset group 
55 communicated from the network, the mobile station MS establishes frame synchronization and chip synchronization of 
the forward channel. Note that a portion of the pilot symbol pattern is used as the synchronization word. The mobile 
station MS begins transmission of the reverse channel at a frame timing which is delayed by 1/2 time slot with respect 
to the forward channel. An idle pattern is set in the reverse channel at this time. Thereafter, the mobile station MS 
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detects and waits for the usual transmission of the forward channel. 

[0400] The base station BS establishes reverse channel chip and frame synchronization of the reverse channel based 
on the frame offset and time slot offset groups designated by the switching device. Following establishment of synchro- 
nization, the_base_station BS begins regular transmission of the forward channel, and wafts for regular transmission of 
s the reverse channel. 

[0401] After detecting the regular transmission of the forward channel, the mobile station MS begins regular transmis- 
sion of the reverse channel. The base station BS detects the regular transmission of the reverse channel, and subse- 
quently begins transmission to the wire section. 

w C-3-4-4: During diversity hand over between cells 

[0402] A summary of the procedure for establishing synchronization during initiation of diversity hand over between 
cells is shown below, while the flow for synchronization establishment during diversity hand over between cells is shown 
in FIG. 94. 

15 

(1) The mobile station MS measures the difference between frame times for equivalent frame numbers between 
radio frames of reverse dedicated physical channels during transmission and radio frames of perch channels trans- 
mitted by the base station receiving the hand over. The mobile station MS communicates this measured value to 
the network. This measured value is the chip unit The measured value is the time difference between the frame 

20 timing of the reverse dedicated physical channels with respect to the frame timing of perch channels. The meas- 
ured value is always indicated by a positive value, and is in the range of 0-[forward long code cycle-1] chip. 

(2) The mobile station MS communicates the measured value for the frame time difference to the base station BS 
control device via the diversity hand over origination of the base station BS. 

(3) The base station BS control device notifies the measured value for the frame time difference which is notified to 
25 the diversity hand over termination of the base station BS, along with the time slot offset and the frame offset set 

which are set at the time of the calling origination and the incoming call acceptance. The base station BS control 
device also notifies to the mobile station MS radio parameters such as the spreading code used in the BTS of the 
hand over termination, via the base station BS of the hand over origination. 

(4) The mobile station MS begins processing to establish chip synchronization for the forward channel from tha 
30 base station BS of the hand over origination, using the radio parameters that were notified. The reverse channel 

being transmitted continues to be transmitted without modification. 

(5) The base station BS of the hand over origination receives the measured value of the frame time difference, and 
notice of the frame offset and time slot offset. Using this information, this base station BS begins transmission of 
the dedicated physical channel, and begins processing to establish synchronization of the reverse dedicated phys- 

35 ical channel being transmitted by the mobile station MS. 

(6) The mobile station MS establishes chip synchronization of the forward channel from the base station BS of the 
hand over termination, based on the reception timing for the perch channel of the hand over termination. As chip 
synchronization is established, the mobile station MS begins maximum ratio combining with the forward channel 
from the base station BS of the hand over origination. 

40 

[0403] Note that the transmission timing for the forward dedicated physical channel and the method for establishing 
synchronization of the reverse dedicated physical channel are as explained in section "B-2: Base station BS transmis- 
sion and reception timing." Channel setting in the UPCH is earned out according to the same procedure for establishing 
synchronization as the procedure described above. Refer to the following section "C-3-12-3: Dedicated physical chan- 
45 nel for UPCH" for the control carried out after establishing synchronization. 

C-3-4-5: Perch channel synchronization of other sectors within same ceil 

[0404] A perch channel spread over the same long code and same short code by a phase difference determined by 
so the system is transmitted in each sector within the same cell. The mobile station MS receives the reported information 
from the sector which is in the waiting state once initial synchronization is completed. The mobile station MS obtains 
the self sector number and the sector number with the same cell that are included in the reported information. The 
mobile station MS can specify the long code phase in other sectors within the same cell based on this information, and 
can establish perch channel synchronization of other sectors in the same cell. 

55 
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C-3-5: Initial synchronization establishing function 
C-3-5-1: Overview 

[0405] The synchronization establishing function is for shifting to a waiting state once short code, long code, frame 
and super frame synchronization have been established for the reception radio channel. 

C-3-5-2: Request characteristics 

[0406] The mobile station MS according to this embodiment can shift to a waiting state within 10s after introduction 
of the power source under the following conditions (1 )~(3). 

(1) The transmission path condition is equivalent to that prescribed for reception sensitivity. 

(2) The cell/sector search indicated in "C-3-6: Pass search function" described below is performed. 

(3) Perch channel detection operation is completed. 

C-3-5-3: Synchronization decision 

C-3-5-3-1: Decision to establish sy nchronization 

[0407] Next, the decision to establish synchronization in the dedicated physical channel (frame synchronization estab- 
lishment decision and super frame synchronization establishing decision) will be explained. 

(1) Decision to establish frame synchronization 

[0408] The decision to establish frame synchronization for dedicated physical channels is performed by SW detection. 
The decision to establish frame synchronization is made when radio frames in which the SW non-coinciding bit number 
is Nb or less continues for S R frames or more. Note that the values of Nb and S R can be optionally set, and are suitably 
set to be within the range of 0-255 for example. 

(2) Decision to establish super frame synchronization 

[0409] Since bits showing the frame number are not present in the dedicated physical channel, the mobile station MS 
tacitly determines the frame number and establishes super frame synchronization. Note that the frame number is a SFN 
modulo 64 value in which the frame number of an dedicated physical channel radio frame having a timing which devi- 
ates by a specific time interval with respect to the frame timing of the perch channel can be determined from the system 
frame number (SFN) which is notified through the perch channel. 

C-3-5-3-2: Determination of asynchronous 

[041 0] Next, an explanation wifl be made of the determination of asynchronous with respect to the dedicated physical 
channel. 

[041 1] In a determination of asynchronous with respect to the dedicated physical channel, monitoring of each radio 
frame is conducted to determine whether or not the SW non-coinciding bit number is Nb or less. 
[0412] The determination of the aforementioned conditions is carried out for one specific spreading code (short code) 
in the case of a multicode transmission in which one calling consists of a plurality of spreading codes. On the other 
hand, during a multicode transmission by means of a plurality of independent calls, the determination of this condition 
is carried out for each dedicated physical channel. 

[0413] The mobile station MS determines that there is a state of asynchronous when the number of radio frames not 
satisfying the aforementioned conditions is continuous for S F frames or more (forward synchronization preservation 
step number: S F ). If the number of radio frames satisfying the aforementioned conditions is then continuous for S R 
frames or more in this state of asynchronous, then the mobile station MS determines that there is a state of synchroni- 
zation maintenance (forward synchronization preservation step number: Sr). Note that the value of S F can be optionally 
set, and is suitably within the range of 0-255, for example. 

C-3-6: Pass search function 

[0414] Next, the path search function in path searcher unit 45 will be explained. 
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(1) Overview 

[0415] This function is for measuring the delay profile of a radio transmission path using RAKE finger or the path 
searcher unit 45 of this embodiment, and-indicating the.path for reception at the RAKE combining unit 

5 

(21 Average time interval of delay profile 

[0416] The delay profile average time interval, which is a parameter within the mobile station MS, is the time interval 
over which instantaneous changes in phasing are averaged, and is obtained by determining the moving average over 
w 10ms through 10s (set in units of 10 ms) or the index weighted average according to corresponding time constants. 

(3) RAKE reception path switching cycle 

[0417] The RAKE reception path switching cycle, which is a parameter within the mobile station MS, is the cycle for 
15 selecting the required number of paths in the RAKE combining unit from the averaged delay profile. The RAKE recep- 
tion path switching cycle can be set to a cycle of 10 ms through 10s (set by units of 10 ms). 

(4) Pass search limits 

20 [041 8] The position where the multi-path is strongest on average is designated as the reception timing in this embod- 
iment and path searcher unit 45 carries out path search over a ±31 us range for the reception timing. 

C-3-7: Cell/sector search function 

25 [041 9] The cell/sector search function in cell/sector searcher 46 will now be explained. 

(1) Overview 

[042C] This function is for measuring the reception level of the perch channel in surrounding cells/sectors using the 
30 designated short code and long code and reading out the BCCH content 

(2^ Search/level measuring code number 

[0421] In the codes shown in Table 15, measurement of the path level and path search are possible for maximum 128 
35 codes. 

(3) Channel number read out from BCCH contents 

[0422] The content of BCCH, of maximum 20. is read out from code channel with the high reception level. 

40 

C-3-8: RSSI. ISSI measurement function 

[0423] This function is for measuring the signal level (RSSI) of the perch channel or the channel during communica- 
tions, and for measuring interference power (ISSI) other than that described above. 

45 

C-3-8- 1 : Measurement values by type 

[0424] The items measured by this function are as follows. 

so (1) Desired wave level (RSSI) 

(2) Interference wave level (ISSI) 

(3) Ratio of interference signal power to desired wave (Eb/IO) 
C-3-8-2: Range of meas urement level 

55 

[0425] This function enables measurement of level ranging from the prescribed sensitivity point to the prescribed sen- 
sitivity point +70dB. 
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C- 3-8-3: Measurement accuracy 

[0426] The following measurement accuracy is satisfied in this function. 

(1) Averaged time interval is 4 pilot symbols: ±3dB 

(2) Averaged time interval is 1 frame or greater ±1dB 

[0427] Note that these prescribed conditions are for one wave static channel. 
C-3-9: Function for generating tran smission/reception timing 

[0428] This function is for generating the transmission timing for the mobile station MS with respect to the reception 
timing generated by the above-described path search function. The reception timing varies according to changes in the 
delay profile of the transmission path, however, the amount of change in the transmission timing is limited to 1/4 chip 
over 1 0ms and 2 chips over 1 s. Discrete control is limited to just the frame head. 

[0429] The accuracy of the transmission timing is set to within ±0.5 chips at the antenna terminal with respect to the 
reception timing. However, this accuracy is premised on a normal state in which the delay profile of the transmission 
path does not change. 

C-3-1Q; Han d over control 

[0430] Hand over control is carried out in DTCH (including ACCH), UPCH and the FACH/RACH during packet trans- 
mission. 

(1) Forward channel 
[0431] 

• Maximum ratio combining (diversity hand over) of the signal from each sector and cell is carried out at the mobile 
station MS for DTCH (including ACCH). 

• The control described under section "C-3-11: Packet transmission control" is carried out for UPCH and 
FACH/RACH during packet transmission. 

(2) Reverse channel 
[0432] 

Maximum ratio combining at the base station BS is carried out between sectors, and selection at the switching 
center is carried out between cells, for DTCH (including ACCH). 

• The control described under section "C-3-11: Packet transmission control" is carried out for UPCH and 
FACH/RACH during packet transmission. 

(3 ) Pranch number 

[0433] When the mobile station MS carries out a diversity hand over, the connecting branch number is a maximum of 
3, irrespective of the cell interval, sector interval and the mixture thereof. "Branch number" as used here means the 
number of cells or sectors with which the mobile station MS is communicating. 

C-3-11: Pa cket transmission control 

C-3-11-1: Overview 

[0434] The main characteristics of packet transmission control are as follows. A detailed description of these charac- 
teristics is as noted under section "B-12: Packet transmission control." 

(1) Channel switching j n employed physical channel in re s ponse to traffic and other transmission characteristics 

(2) Physical channel switching control between the mobile station MS and the base station BS 

(3) High speed HHP between cells 
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(4) Packet discard 
C-3-11-2: Physical channel switching control 



5 (1) Switching determina tion node 

[0435] A switching determination is carried out based on the following factors at the base station BS which has author- 
ity over the sectors surrounding mobile station MS. 

w ( 2 ) Factors for switching d etermination 

[0436] The following factors may be employed. Which factors are employed may be optionally set at the base station. 

Factor 1 : in-band information from the switching center ADP and the mobile station MS ADP 
is Factor 2: monitoring ofreverse/forward traffic amount by the base station BS 

Factor 3: layer 3 information requesting switch in employed channel made from the mobile station MS to the base 
station BS 

(31 Method for determining switching 

20 

[0437] The information reported based on factor (2) above and a preset threshold are compared, and a determination 
is made at the base station BS control unit 

(4) Switching control method 

25 

[0438] The switching processing sequence is shown in FIGS. 95 (a) and (b). FIG. 95(a) shows the switching from the 
common control physical channel to the dedicated physical channel. FIG. 95(b) shows the sequence for switching from 
the dedicated physical channel to the common control physical channel. Switching control is processed only between 
the mobile station MS and the base station BS, and is not reiated to ihe base station BS control device and wire section. 
30 The control signal between the mobile station MS and the base station BS is layer 3 information, and is processed at 
the base station BS. 

C-3-11-3: Hand over cont rol between cells 

35 [0439] The process for hand over control between cells is as shown in section "B-12-5: Hand over control between 
cells." An example of the processing sequence is shown in FIG. 96. 

[0440] This processing sequence is the same irrespective of the physical channel employed (physical channel for 
common control/dedicated physical channel). In setting/release of a radio link, processing to set/release the physical 
channel is necessary for dedicated physical channels, but is not necessary for common control physical channels. 

40 

C-3-11~4: Hand over control between sectors 

[0441] As indicated in the section "B-12-6: Hand over control between sectors," DHO between sectors can be control 
at the base station BS. For this reason, inter-sector DHO using maximum ratio combining can be carried out during 
45 packet transmission in the same way as in the case of a line switching mode. 

[0442] Since transmission/reception timing cannot be freely set in the case of a common physical channel (FACH, 
RACH), maximum ratio combining for both reverse and forward is not possible. Thus, switching control is carried out 
between the base station BS and the mobile station MS in accordance with propagation loss in the perch channel, so 
that transmission/reception is earned out only in one sector. The switching control method is the same as the process- 
so ing for hand over between cells shown in FIGS. 95(a) and (b). 

C-3-12: DTX control 

[0443] This control is applied only to dedicated physical channels. 
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C-3-12-1: DTCH. ACCH for dedicated physical channels 
(11 Transmission 

5 [0444] Under DTX control in dedicated physical channels used for voice communications, DTCH symbol transmission 
is ON when voice information is present, and OFF when voice information is absent (VOX function). The specific oper- 
ations for the VOX function and the determination of whether or not voice information is present are as described above. 
For ACCH during voice communications, when voice information is present and there is no information being transmit- 
ted using ACCH, then a dummy bit is transmitted. Transmission is halted only when there is no voice infonnation and 

w there is no information transmitted using ACCH. When voice information is present and there is no information trans- 
mitted using ACCH, a dummy bit is inserted into the W bit and the CPS PDU portion, so that reassembly of CPS PDU 
in error can be avoided. 

[0445] The pilot symbol and the TPC symbol are constantly transmitted, irrespective of the presence or absence of 
voice information and whether or not there is control information. The power ratio between transmission power (Pon) 

15 when transmission is ON and the transmission power (Poff) when transmission is OFF is set to satisfy specific condi- 
tions. The transmission ON/OFF patterns are the same for all 16 time slots within the radio frame. DTX control is carried 
out in radio frame (10ms) units. DTX control is not carried out for dedicated physical channels used for data transmis- 
sion, but rather they are constantly transmitted. However, when there is no information to be transmitted in the ACCH 
of the aforementioned channel, then transmission with a dummy bit inserted in the CPS PDU portion and the W bit is 

20 carried out in the same way as during voice communications. Information for communicating the presence or absence 
of voice information and the presence or absence of control information is not transmitted (excluding pre/post amble for 
providing notice that transmission has started or ended in VOX control). 

(21 Reception 

25 

[0446] The method for determining the presence or absence of reception user information (voice information) and 
control information is shown in Table 22. The symbol average reception power in the table indicates the average value 
of the reception power for all corresponding symbols within 1 radio frame. Potx^B is a parameter within the mobile sta- 
tion MS and here is optionally set to be within the range of -30-0dB. 

30 



Table 22 





Method to determine presence or absence of reception user information and control information 


35 


Type of information 


Information present 


Information absent 


40 


voice information 


Coding unit CRC in DTCH OK, or power 
ratio of average reception power for pilot and 
TPC symbol to average reception power of 
DTCH symbol is Potx 0 * 5 or less - 


Coding unit CRC in DTCH NG, and power 
ratio of average reception power for pilot and 
TPC symbol to average reception power of 
DTCH symbol is P DTX dB or more. Where, 
when a determination is made that voice 
information is absent, DTCH data is transmit- 
ted to voice CODEC. 


45 


control information 


Coding unit CRC in ACCH OK. 


Determination based on W bit or coding unit 
CRC NG in ACCH. 



C-3-12-2: Dedicated physical channel for SCCCH 



[0447] The dedicated physical channel for SDCCH is placed in the SDCCH symbol transmission ON state when there 
so is control information to be transmitted, and is placed in the SDCCH symbol transmission OFF state when there is no 
control information to be transmitted. The pilot symbol and TPC symbol are constantly transmitted irrespective of the 
presence or absence of control information. The power ratio between transmission power (Pon) during ON transmission 
and transmission power (Poff) during OFF transmission is set to satisfy specific conditions. The ON/OFF transmission 
pattern is the same for all 16 time slots within the ratio frame. In addition, DTX control is carried out in radio frame 
55 (10ms) units. 
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C-3-12-3: Dedicated physical channel for UPCH 

[0448] The dedicated physical channel for UPCH is placed in the UPCH symbol transmission ON state when there is 
control information or user information to be transmitted, and is placed in the UPCH symbol transmission OFF state 
5 when there is no control information or user information to be transmitted. Transmission of the pilot symbol and TPC 
symbol are controlled as described below at the base station BS and the mobile station MS in response to the presence 
or absence of control information or user information to be transmitted. 

C-3-1 2-3-1: Function for halting transmission of pilot symbol and TPC symbol 

10 

C-3-1 2-3-1-1: Base station BS control method 

[0449] The base station BS determines the necessity for transmitting a pilot symbol and TPC symbol for each radio 
frame. When both of the following conditions 1,2 are satisfied in the state where the base station BS is transmitting the 
is pilot symbol and TPC symbol, then transmission of the pilot symbol and the TPC symbol in all radio frames is halted. 
Even in an interval which does not have control information or user information to be transmitted, the base station BS 
transmits all pilot symbols and TPC symbols until the following conditions 1 ,2 are satisfied, and halts transmission of 
the UPCH symbol. 

20 (1) Condition 1: Passage of F NDATA ^ radio frames or more once there is no more control or user information to be 
transmitted 

(2) Condition 2: Result of CRC check of forward reception radio frame is continuous, with F CRC ^, radio frames or 
more NG 

25 C-3-12-3-1-2: Operation of mobile station MS 

[0450] The mobile station MS determines the necessity for transmitting a pilot symbol and TPC symbol for each radio 
frame. When both of the following conditions 3,4 are satisfied in the state where the mobile station MS is transmitting 
the piioi symbol and TPC symbol, then transmission of the pilot symbol and ihe TPC symbol in aii radio frames is halted. 
30 Even in an interval which does not have control information or user information to be transmitted, the mobile station MS 
transmits all pilot symbols and TPC symbols until the following conditions 3,4 are satisfied, and halts transmission of 
the UPCH symbol. 

(1) Condition 3; Passage of F NnWAKn radio frames or more once there is no more control or user information to be 
35 transmitted 

(2) Condition 4: Detection of deviation in reverse radio channel synchronization 

[0451] The value of F ND ATArm is optional, and is suitably set here to be in the range of 0-255. 
40 C-3-1 2-3-2: Control of reopening pilot symbol and TPC symbol transmission 

[0452] Once one of the following conditions 5 and 6 is satisfied in the state where both the mobile station MS and the 
base station BS have each halted transmission of the pilot symbol and TPC symbol, then transmission of the pilot sym- 
bol and TPC symbol is reopened for all radio frames. 

45 

(1) Condition 5: Generation of control information or user information to be transmitted 

(?) Condition Detection of OK for result of CRC check when reception frame synchronization has been estab- 
lished 

so [0453] When both the base station BS and the mobile station MS make a determination to reopen transmission of the 
pilot symbol and TPC symbol, the W bit U/C bit TN bit and CPS-SDU bit are all designated in advance as dummy bits, 
and a CRC coded radio frame is transmitted with a F Dummy frame. Thereafter, the radio frame in which control informa- 
tion or user information to be transmitted is relayed. Of course, the pilot symbol and TPC symbol are also transmitted 
from the radio frame in which the dummy bit has been inserted. The F^m^ value is optional, and here is suitably set 

55 to be in the range of 0-255. 
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C-3-12-3-3: When DTX control is OFF 

[0454] The following transmission control is performed when OFF is indicated for UPCH DTX control. 

[0455] In radio frames in which the pilot symbol and TPC symbol are being transmitted following execution of the 

5 above-described transmission stop/start control, and which do not have control information or user information to be 
transmitted, all bits (W bit U/C, TN, inner coding units) within the UPCH CRC coding limits are set to continuous trans- 
mission ON within the radio frame. When there is no transmission information and transmission of the pilot symbol and 
TPC symbol are halted, transmission of the UPCH symbol is also halted and a designation of continuous transmission 
OFF is made in the radio frame. 

w [0456] The power ratio between the transmission power (Pon) during ON transmission and the transmission power 
(Poff) during OFF transmission for the UPCH symbol, pilot symbol and TPC symbol is set to satisfy specific conditions. 
The transmission ON/OFF pattern is the same for all 16 time slots in the radio frame. The DTX control is carried out in 
radio frame (1 0ms) units. 

is C-3-13: Function for synchronizing outer coding sync hronization processing 

[0457] In outer coding, 80ms of data constitutes one processing unit. The outer coding processing is carried out in 
synchronization with the radio frame (10ms). Sequence number (S) is assigned to each inner coded unit in the outer 
coding processing units, with S used to synchronize outer coding processing. A concept of outer coding synchroniza- 
20 tion is shown in FIG. 97. FIG. 98 shows the processing flow to establish synchronization and FIG. 99 shows the 
processing flow to monitor for synchronization deviations in the processing to maintain synchronization in outer coded 
synchronization. Note that the initial values for the forward preservation step number (NF) and the reverse preservation 
step number (NR) are both 2. 

25 C-3-13: Bit transmission method 

[0458] In this embodiment, the dummy bit is subjected to CRC coding, with all dummy bits being *0\ 
[0459] The idle pattern is inserted in all CRC coded fields in the inner coding units, and includes the CRC check bit 
This pattern is an optional PN pattern, and constitutes the same pattern in all the inner coding units for each logical 
30 channel. In addition, this pattern is one such that the result of the CRC check is NG when there is no error in this pattern 
on the receiving side. 

C-4: Overview of terminal service 

35 [0460] A connection concept for an external terminal with respect to the mobile station MS for this embodiment is 
shown in FIG. 100. As shown in this figure, a data terminal having an infrared interface (lr IF) can communicate with the 
mobile station MS in this embodiment In addition, if an adapter for translating IrDA, RS-232C, the Ethernet, and ITU-T 
recommendation 1.430 to one another is provided to the outside, a data terminal or an ISDN not having lr IF can com- 
municate with the mobile station MS. 

40 

C-4-1: Voice 

[0461] Voice signals introduced from an external hand set or inner housed microphone are A/D converted in voice 
CODEC and coded at each mobile station MS in this embodiment On the other hand, the coded signal is decoded in 
45 voice CODEC, A/D converted and output from the external handset or inner stored speaker of the mobile station MS. 

C-4-2: Packet s i gnal transmission 

m Overview 

50 

[0462] Packet transmission in this embodiment is for carrying out TCP/IP (Transmission Control Protocol/Internet Pro- 
tocol) packet service communications through radio sections. Packet transmission control as described under section 
"B-12: Packet transmission control" is employed for transmission control for this radio section. 

[0463] As described in the section "C-3: Base band signal processing unit BB," in this embodiment the forward inter- 
55 ference power and the transmission power of the perch channel is informed by the base station BS through BCCH. 
Based on this information, the mobile station MS is able to know the quality of the forward communications. Thus, the 
L2 DIX of the ADP may be designed to determine transmission/discard of the packet based on this communications 
quality. The method for selecting the packet to be discarded is optional. For example, a design Is acceptable in which a 
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packet to be retransmitted is priority discarded, so that repeating a retransmission can be avoided. A design is also 
acceptable in which a number of untransmitted packets corresponding to the communications quality is interpolated 
from the buffer, so that an anticipated buffer overflow can be avoided. Note that a design is also acceptable in which, 
when the forward and reverse communications quality is roughly the same, the forward communications quality is 
5 measured at the mobile station MS, and packet transmission/discard based on this communications quality is per- 
formed. 

(2) Offered service 

10 [0464] The packet transmission service in this embodiment permits changes in quality in response to traffic. The 
mobile station MS in this embodiment enables packet transmission up to 256 ksps (user rate 472.8 kbps), however, it 
is not necessary that all mobile stations be capable of a packet transmission of this speed. Namely, mobile stations may 
exist which do not support packet transmission itself. 

15 C-4-3: Unrestricted digital signal transmission 

(1) Overview 

[0465] In this embodiment, unrestricted digital signal transmission is supported in order to carry out communications 
20 which is suitable for fixed ISDN service. 

(2) Offered service 

[0466] The unrestricted digital signal transmission in this embodiment offers service suitable to the Bch service in cur- 
25 rent fixed N-ISDN. This service is realized by connecting an existing ISDN terminal to the mobile station MS. The mobile 
station MS in this embodiment enables packet transmission of up to 1024 ksps (user rate: 384 kbps). 

C-4-4: Modem signal transmission 

30 (1 ) Overview 

[0467] Modem signal transmission in this embodiment is for carrying out personal computer communications or other 
such non-telephone communications, excluding packet applications. Transmission control in the radio section uses the 
packet transmission control described above. 

35 

(2) Offered service 

[0468] The above-described modem signal transmission is provided for communication with an existing modem 
(MODEM) which performs data compression based on ITU-T recommendation V.42 bis or the like, error control based 
40 on ITU-T recommendation V.42 or the like, and modulation/demodulation based on ITU-T recommendation V.34 or the 
like. 

C-5: Huma n-machine interface 
45 [0469] The location of the keypad and display are optional. 
C-6: Control unit MS-CNT 

[0470] The control unit MS-CNT for the mobile station MS in this embodiment carries out radio control (radio unit TRX, 
so base band signal processing unit BB), device inner signal control, terminal interface control (terminal interface unit 
TERM-INT), and the like. 

Claims 

55 1 . A wide band CDMA communication method which transmits spread information after spreading transmission infor- 
mation using predetermined codes; wherein when the transmission information different from one another are 
transmitted at the same time through a plurality of channels using common control information, the wide band 
CDMA communication method comprises the steps of: 
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spreading various transmission information using codes, the codes being allocated to the channels, respec- 
tively; 

transmitting the spread transmission information through the channels; 

spreading the control information using a common code, the common code being common to the plurality of 
channels; and 

transmitting the spread control information. 

A wide band CDMA communication method according to claim 1, wherein the spread control information is trans- 
mitted through only one channel among the channels. 

A wide band CDMA communication method according to claim 2, wherein the transmission power of the control 
information is the transmission power of the transmitted information multiplied by the number of the channels 
through which the spread transmission information are transmitted. 

A wide band CDMA communication method which transmits spread information to a radio section after spreading 
transmission information using a predetermined code; wherein the wide band CDMA communication method com- 
prises the step of: 

determining to transmit or to discard the transmission information on the basis of the communication quality of 
the radio section. 

A wide band CDMA communication method which transmits spread information to a radio section after spreading 
transmission information using a predetermined code; wherein the wide band CDMA communication method com- 
prises the step of: 

determining to transmit or to discard the transmission information on the basis of the communication status of 
the radio section. 

A wide band CDMA communication method according to claim 5, wherein the transmission information is dis- 
carded when calling foils. 

A wide band CDMA communication method which transmits spread information to a radio section after spreading 
transmission information using a predetermined code; wherein the wide band CDMA communication method com- 
prises the steps of: 

discarding the transmission information until a predetermined time passes after a calling is released. 
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